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TABLE  A-3 
Treated  Mine  Water  Discharge  to  Rabbit  Creek 


Determination 

Rabbit  Cre 
Discharc 

ek  NPDES 
ie  Limits 

30-Day  Average 

Daily  Maximum 

Sampled  Discharge 
Range 

PH 

6.5  to  9.0 

7.5  to  8.26 

TDS 

500 

267  to  1 ,0401 

TSS 

20  mg/l 

<0.1  to  1551 

Turbidity 

20NTU 

50NTU 

0.01  to  54.81 

Cyanide-WAD 

0.005  mg/l 

<0.005 

Phosphorus-Total 

0.1  mg/l 

<0.01  to  0.02 

Arsenic 

0.05  mg/l 

0.007  to  0.1 10 

Copper 

0.15  mg/l 

0.3  mg/l 

<0.0017  to  0.010 

Fe  -  Soluble 

0.3  mg/l 

0.6  mg/l 

<0.008  to  0.331 ' 

Lead 

0.05  mg/l 

<0.001  to  0.005 

Zinc 

75  mg/l 

1 .5  mg/l 

<0.0019to0.0353 

Total  Petroleum  HC-IR 

1 .0  mg/l 

<1.0 

indicates  value  above  permit  limits 
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TABLE  A-4 

Water  Quality  Data  for  Water  Discharged 

to  the  Reinfiltration  Basins 


Constituent 

Units 

Nevada  Drinking  Water 
Standards  MCL 

9/12/964 

6/10/96* 

Average 

Evaporation 
Loss* 

Prfmary 

Secondary 

5% 

7% 

Physical  Properties 

Dissolved 
Oxygen 

mg/las  02 

Color 

color  units 

15' 

Alkalinity 

mg/l           as 
CaCO, 

166 

m 

139 

146 

149 

TDS 

mg/l@180"C 

500';  1000'' 

265 

284 

275 

289 

295 

TSS 

mg/l 

Turbidity 

NTU 

0.5 

Inorganic  Nonmetal 

Chloride 

mg/l  as  CI 

250';  4002 

19.7 

18.3 

19.0 

20.0 

20.4 

Cyanide 

mg/l  as  HCN 

0.2 

0.005 

0.003 

0.003 

0.003 

Fluoride 

mg/l  as  F 

4.0 

20 

0.8 

0.8 

0.8 

0.8 

0.9 

Nitrate 

mg/l  as  N 

10 

Nitrite 

mg/l  as  N 

1.0 

pH 

standard 
units 

(6.5-8.5)' 

8.2 

7.5 

7.8 

N/A 

N/A 

Sulfate 

mg/l  as  S04 

250';  5002 

49.2 

117 

83.1 

87.5 

89.4 

Metals/Elements 

Aluminum 

mg/l  as  Al 

(0.05-0.2)1 

0.021 

0024 

0.017 

0.018 

0.019 

Antimony 

mg/l  as  Sb 

0.006 

0.043 

0.018 

0.031 

0.032 

0.033 

Arsenic  (total) 

mg/l  as  As 

0  05 

0.017 

0.04 

0.019 

0.019 

0.020 

Barium 

mg/l  as  Ba 

2  0 

0036 

0.059 

0.048 

0.050 

0.051 

Beryllium 

mg/l  as  Be 

0.004 

0  001 

0  001 

0.001 

0  001 

0.001 

Boron 

mg/l  as  B 

0  158 

0.187 

0.173 

0.182 

0.185 

Cadmium 

mg/l  as  Cd 

0.005 

0.0024 

0.0024 

0.0012 

0.001 
3 

00013 

Chromium  (total) 

mg/l  as  Cr 

0  1 

0.006 

0.005 

0.004 

0.004 

0.005 

Copper 

mg/l  as  Cu 

1  3 

0.004 

0.003 

0.003 

0.003 

0.003 

Iron 

mg/l  as  Fe 

0.3' 

0.202 

0.368 

0.285 

0.300 

0.306 

Lead 

mg/l  as  Pb 

0.015 

0001 

0.001 

0.001 

0  001 

0.001 

Magnesium 

mg/l  as  Mg 

125';  1502 

16.8 

18.8 

17.8 

18.7 

19.1 

Manganese 

mg/l  as  Mn 

0.05';  0.12 

0.004 

0078 

0.041 

0.043 

0.044 

Mercury 

mg/l  as  Hg 

0.002 

0.0002 

0.0002 

0.0001 

0.000 
1 

0.0001 

Nickel 

mg/l  as  Ni 

0.1 

0017 

0017 

0.009 

0.009 

0009 

Selenium 

mg/l  as  Se 

0  0^ 

004 

0.04 

0.02 

002 

0.02 

Silver 

mg/l  as  Ag 

Of 

0.0U3 

0.002 

0.002 

0.002 

Thallium 

mg/l  as  Tl 

0.002 

0.001 

0001 

0.001 

0.001 

0.001 

Zinc 

mg/l  as  Zn 

5.03 

0.004 

0.004 

0.004 

0.004 

0.004 

1  Nevada  Secondary  recommended  maximum  contaminant  level 

2  Nevada  Secondary  (Enforceable)  maximum  contaminant  level 
'Federal  Secondary  maximum  contaminant  level 

"Grab  Sample  #FPDSDIS-12 

524-hour  composite  sample  #FPDS  June  10  Comp 

'Calculated  concentrations  in  reinfiltration  basins  assuming  5  and  7  percent  evaporation 

Source:  SFPG 
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TABLE  B-1 

Wildlife  Species  List 

Lower  Sagebrush/Grassland  Steppe 

Northeastern  Nevada 


Common  Name 

Scientific  Name 

Birds 

Turkey  vulture 

Cathartes  aura 

Bald  eagle 

Haliaeetus  leucocephalus 

Northern  harrier 

Circus  cyaneus 

Swainson's  hawk 

Buteo  swainsoni 

Red-tailed  hawk 

Buteo  jamaicensis 

Ferruginous  hawk 

Buteo  regalis 

Rough-legged  hawk 

Buteo  lagopus 

Golden  eagle 

Aquila  chrysaetos 

American  kestrel 

Falco  sparverius 

Merlin 

Falco  columbarius 

Prairie  falcon 

Falco  mexicanus 

Gray  partridge 

Perdix  perdix 

Chukar 

Alectoris  chukar 

Sage  grouse 

Centrocercus  urophasianus 

Mourning  dove 

Zenaida  macroura 

Great  horned  owl 

Bubo  virginianus 

Burrowing  owl 

Athene  cunicularia 

Short-eared  owl 

Asio  flammeus 

Common  nighthawk 

Chordeiles  minor 

Broad-tailed  hummingbird 

Selasphorus  platycercus 

Northern  flicker 

Colaptes  auratus 

Gray  flycatcher 

Epidonax  wrightii 

Ash-throated  flycatcher 

Myiarchus  cinerascens 

Say's  phoebe 

Sayornis  saya 

Western  kingbird 

Tyrannus  verticalis 

Horned  lark 

Eremophila  alpestris 

Barn  swallow 

Hirundo  rustica 

Black-billed  magpie 

Pica  pica 

American  crow 

Corvus  brachyrhynchos 

Common  raven 

Corvus  corax 

Rock  wren 

Salpinctes  obsoletus 

Mountain  bluebird 

Sialia  currucoides 

American  robin 

Turdus  migratorius 

Sage  thrasher 

Oreoscoptes  montanus 

Loggerhead  shrike 

Lanius  ludovicianus 

Northern  shrike 

Lanius  excubitor 

European  starling 

Sturnus  vulgaris 

Brewer's  sparrow 

Pooecetes  gramineus 

Vesper  sparrow 

Chondestes  grammacus 

Lark  sparrow 

Amphispiza  belli 

White-crowned  sparrow 

Zonotrichia  leucophrys 

Lapland  longspur 

Calcarius  lapponicus 

Red-winged  blackbird 

Agelaius  phoeniceus 

Western  meadowlark 

Sturnella  neglecta 
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TABLE  B-1 

Wildlife  Species  List 

Lower  Sagebrush/Grassland  Steppe 

Northeastern  Nevada 

(continued) 


Common  Name 

Scientific  Name 

Birds  (continued) 

Brewer's  blackbird 

Euphagus  cyanocephalus 

Brown-headed  cowbird 

Molothrus  ater 

Black  rosy  finch 

Leucosticte  arctoa 

Gray-crowned  rosy  finch 

Leucosticte  arctoa 

House  sparrow 

Passer  domesticus 

Mammals 

Little  brown  bat 

Myotis  lucifugus 

Long-eared  myotis 

Myotis  evotis 

Long-legged  myotis 

Myotis  volans 

Small-footed  myotis 

Myotis  ciliolabrum 

Silver-haired  bat 

Lasionycteris  noctivagans 

Western  pipistrelle 

Pipistrellus  hesperus 

Big  brown  bat 

Eptesicus  fuscus 

Townsend's  big-eared  bat 

Plecotus  townsendii 

Brazilian  free-tailed  bat 

Tadarida  brasiliensis 

Black-tailed  jackrabbit 

Lepus  californicus 

Mountain  cottontail 

Sylvilagus  nuttallii 

Pygmy  rabbit 

Sylvilagus  idahoensis 

Townsend's  ground  squirrel 

Spermophilus  townsendii 

Belding  ground  squirrel 

Spermophilus  beldingi 

Least  chipmunk 

Tamias  minimus 

Botta's  pocket  gopher 

Thomomys  bottae 

Northern  pocket  gopher 

Thomomys  talpoides 

Little  pocket  mouse 

Perognathus  longimembris 

Great  basin  pocket  mouse 

Perognathus  parvus 

Dark  kangaroo  mouse 

Microdipodops  megacephalus 

Ord  kangaroo  rat 

Dipodomys  ordii 

Chisel-toothed  kangaroo  rat 

Dipodomys  microps 

Deer  mouse 

Peromyscus  maniculatus 

Northern  grasshopper  mouse 

Onychomys  leucogaster 

Desert  woodrat 

Neotoma  lepida 

Sagebrush  vole 

Lemmiscus  curtatus 

House  mouse 

Mus  musculus 

Kit  fox 

Vulpes  macrotis 

Coyote 

Canis  latrans 

Long-tailed  weasel 

Mustela  frenata 

Badger 

Taxidea  taxus 

Striped  skunk 

Mephitis  mephitis 

Mountain  lion 

Felix  concolor 

Bobcat 

Lynx  rufus 

Mule  deer 

Odocoileus  hemionus 

Pronghorn 

Antilocapra  americana 
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TABLE  B-1 

Wildlife  Species  List 

Lower  Sagebrush/Grassland  Steppe 

Northeastern  Nevada 

(continued) 


Common  Name 

Scientific  Name 

Reptiles 

Western  skink 

Eumeces  skiltonianus 

Western  whiptail 

Cnemidophorus  tigrus 

Desert  collared  lizard 

Crotaphytus  insularis 

Long-nosed  leopard  lizard 

Gambelia  wislizenii 

Desert  spiny  lizard 

Sceloporus  magister 

Sagebrush  lizard 

Sceloporus  graciosus 

Western  fence  lizard 

Sceloporus  occidentalis 

Side-blotched  lizard 

Uta  stansburiana 

Desert  horned  lizard 

Phrynosoma  platyrhinos 

Short-horned  lizard 

Phrynosoma  douglassii 

Long-nosed  snake 

Rhinocheilus  lecontei 

Ground  snake 

Sonora  semiannulata 

Night  snake 

Hypsiglena  torquata 

Gopher  snake 

Pituophis  melanoleucus 

Racer 

Coluber  constrictor 

Striped  whipsnake 

Masticophis  taeniatus 

Western  rattlesnake 

Crotalus  viridis 

Source:  Gray  1995. 
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TABLE  B-2 

Species  Occurrence 

Humboldt  River  Study  Database 


Species                                                      Number  of  Occurrences 

Birds 

American  bittern 

American  coot 

3 

American  crow 

2 

American  kestrel 

American  robin 

2 

Barn  swallow 

1 

Bewick's  wren 

2 

Black-billed  magpie 

4 

Black-crowned  night  heron 

4 

Black-headed  grosbeak 

1 

Black-necked  stilt 

1 

Blue-winged  teal 

1 

Brewer's  blackbird 

7 

Brown-headed  cowbird 

1 

Bushtit 

1 

Cinnamon  teal 

3 

Cliff  swallow 

2 

Common  nighthawk 

Common  raven 

1 

Common  snipe 

1 

Common  yellowthroat 

5 

Gadwall 

2 

Great  blue  heron 

2 

Great  egret 

Green-winged  teal 

1 

Horned  lark 

1 

Killdeer 

5 

Lark  sparrow 

2 

Lazuli  bunting 

2 

Lesser  scaup 

1 

Loggerhead  shrike 

1 

Mallard 

4 

Marsh  wren 

1 

Mourning  dove 

4 

Northern  mockingbird 

Northern  onoie 

1 

Northern  pintail 

1 

Northern  rough-winged  swallow 

1 

Prairie  falcon 

Red-tailed  hawk 

Redwinged  blackbird 

10 

Sage  thrasher 

1 

Savannah  sparrow 

3 

Song  sparrow 

7 

Sora 

1 
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TABLE  B-2 

Species  Occurrence 

Humboldt  River  Study  Database 

(continued) 


Species 

Number  of  Occurrences 

Birds  (continued) 

Snowy  egret 

Spotted  sandpiper 

4 

Swainson's  hawk 

Western  kingbird 

3 

Western  meadowlark 

6 

Willet 

1 

Yellow  warbler 

1 

Yellow-breasted  chat 

1 

Yellow-headed  blackbird 

1 

Mammals 

Mule  deer 

Coyote 

Cottontail  rabbit 

Black-tailed  jackrabbit 

Porcupine 

Bobcat 

Pygmy  rabbit 

Muskrat 

Deer  mouse 

House  mouse 

Ord's  kangaroo  rat 

Northern  grasshopper  mouse 

Little  pocket  mouse 

Reptiles 

Great  basin  whiptail 

Desert  spiny  lizard 

Source:  Gebhart  1996. 
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Appendix  C 

Ecological  Risk  Assessment 

An  ecological  risk  assessment  was  conducted  to 
identify  chemicals  in  the  Twin  Creeks  Mine  pit  lake 
that  would  pose  a  potential  hazard  to  wildlife  that 
may  consume  the  pit  water,  associated  vegetation, 
and  invertebrates  from  the  lake.  The  risk 
assessment  includes  an  evaluation  of  the  potential 
risks  to  wildlife  from  exposure  to  these  chemicals. 
The  risk  assessment  was  conducted  in  two  stages: 
a  screening-level  risk  assessment,  followed  by  a 
baseline  risk  assessment. 

C.1  Screening-Level  Risk 
Assessment 

In  the  screening-level  risk  assessment,  conservative 
assumptions  were  made  regarding  the  potential 
exposure  of  receptor  species  to  chemical 
concentrations  in  the  pit  lake.  As  the  name  implies, 
the  screening-level  risk  assessment  provided  a 
screening  to  identify  chemicals  of  potential  concern 
that  would  require  further  investigation.  Chemicals 
identified  as  not  posing  risks  were  excluded  from 
further  consideration. 

Two  alternative  pit  lake  scenarios  were  analyzed 
(the  No  Action  alternative  and  the  Proposed  Action), 
and  an  ecological  risk  assessment  was  conducted 
for  each  alternative.  The  estimated  time  required  for 
the  South  Pit  to  fill  to  hydrologic  equilibrium  is 
approximately  127  years  for  the  No  Action 
alternative  and  230  years  for  the  Proposed  Action. 
To  identify  potential  ecological  risks  during  the  filling 
period  and  at  equilibrium,  three  ecological  risk 
assessment  scenarios  were  developed  for  each 
alternative:  5  years  after  the  cessation  of  mining,  27 
years  after  the  cessation  of  mining,  and  equilibrium. 

The  ecological  risk  assessment  was  conducted  in 
three  phases:  (1)  problem  formulation,  (2)  exposure 
and  effects  characterization,  and  (3)  ecological  risk 
characterization.  Each  of  these  phases  provided 
information  for  the  subsequent  phase. 

C.1.1  Problem  Formulation 

Problem  formulation  included  the  following  tasks: 

•  Site  characterization 

•  Identification  of  chemicals  of  potential  concern 

•  Identification  of  receptor  species 


•      Development  of  exposure  scenarios 

This  information  was  used  to  characterize  exposure 
and  effects  in  the  second  phase  of  the  ecological 
risk  assessment  process. 

C.  1. 1. 1  Site  Characterization 

Site  characterization  included  a  description  of  the 
physical  environment  of  the  lake,  such  as  surface 
area,  filling  rate,  water  depth,  wall  slope,  distance  to 
the  rim,  and  wave  action.  This  information  was 
derived  from  geological,  hydrological,  and 
climatological  data. 

Characterization  of  the  site  included  determining  site 
access  and  potential  food  availability.  At  the 
127/230-year  time  period,  for  example,  the  lake 
filling  rate  would  probably  slow  to  a  point  where 
shallow  zones  would  exist  for  extended  periods,  and 
littoral  vegetation  would  develop,  provided  the 
substrate  were  appropriate  and  nutrients  were 
available.  Except  for  sheltered  embayments  that 
are  protected  from  wind  and  wave  erosion  or  very 
wide  benches,  most  narrow,  flat  benches  would  be 
expected  to  be  covered  by  steep  slopes  of  scree 
and  talus  eroded  from  the  pit  wall.  Pit  lake 
characteristics  for  the  alternative  pit  lakes  are 
presented  in  Table  C-1. 

For  each  of  the  two  alternatives,  the  lake  filling  rate 
and  the  pit  wall  configuration  were  used  to  estimate 
the  type  of  habitat  that  would  be  available  at  each 
time  interval.  The  effects  of  wave  action  on  pit  walls 
were  also  considered  relative  to  littoral  and  riparian 
habitat  availability.  The  predicted  habitat  conditions 
for  the  pit  lakes  are  presented  in  Table  C-2. 

During  the  early  stages  of  filling,  the  rapid  rate  at 
which  the  water  level  would  increase  is  predicted  to 
preclude  the  formation  of  either  littoral  or  riparian 
habitat.  Steep  20-  to  40-foot  uneroded  bench  walls 
would  be  expected  to  dominate  shorelines  during 
the  early  stages  of  lake  development. 

At  5  years,  both  alternative  lake  configurations 
would  consist  of  two  lakes  (north  and  south).  At  27 
years,  a  single  lake  would  have  formed  under  the 
No  Action  alternative,  while  two  lakes  would  still  be 
present  under  the  Proposed  Action.  At  equilibrium, 
or  hydrologic  steady  state,  a  single  lake  would  have 
formed  in  both  pits.  The  north  and  south  lakes 
would  fill  at  the  same  rate,  and  the  potential  for 
lake     and     riparian     habitat    to     develop     would 
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TABLE  C-1 
Predicted  Pit  Lake  Characteristics 


Parameter 

5  Years 

27  Years 

Equilibrium 

No  Action  Alternative  (Equilibrium  =  127  years) 

Number  of  Lakes 

2 

1 

1 

Fill  Rate  (minimum) 

27  feet/year 

4.5  feet/year 

0.12  foot/year 

Depth  of  Water 

362  feet 

580  feet 

680  feet 

Vertical    Distance    from 
Pit  Rim  to  Lake  Surface 

500  feet 

280  feet 

1 80  feet 

Littoral  Substrate 

None 

None 

Small  amount  present 

Trophic  State 

Possibly  eutrophic 

Oligotrophic 

Oligotrophic 

Proposed  Action  (Equilibrium  =  230  years) 

Number  of  Lakes 

2 

2 

1 

Fill  Rate  (minimum) 

24  feet/year 

8  feet/year 

0.04  foot/year 

Depth  of  Water 

200  feet 

514  feet 

780  feet 

Vertical    Distance   from 
Pit  Rim  to  Lake  Surface 

860  feet 

530  feet 

280  feet 

Littoral  Substrate 

None 

None 

Small  amount  present 

Trophic  State 

Possibly  eutrophic 

Oligotrophic 

Oligotrophic 

Source:  Parametrix  1996. 


TABLE  C-2 
Predicted  Pit  Lake  Habitat  Conditions 


Parameter 

5  Years 

27  Years 

Equilibrium 

No  Action  Alternative  (Equilibrium  »  127  years) 

Littoral  Habitat 

None 

None 

Some  Present 

Riparian  Habitat 

None 

None 

Some  Present 

Upland  Habitat 

Present 

Present 

Present 

Proposed  Action  (Equilibrium  =  230  years) 

Littoral  Habitat 

None 

None 

Some  Present 

Riparian  Habitat 

None 

None 

Some  Present 

Upland  Habitat 

Present 

Present 

Present 

Source:  Parametrix  1996. 

occur  at  the  same  rate.  Therefore,  habitat  type  and 
availability  would  be  the  same  in  the  north  and 
south  lakes. 

C.  1. 1.2  Chemicals  of  Potential  Concern 

Chemicals  of  potential  concern  were  identified  from 
analysis  of  ground  water  and  geological  material 
sampled  at  the  existing  South  Pit  (PTI  1996a).  The 
chemical  concentrations  in  the  future  pit  lakes 
were  based  on  a  series  of  laboratory  experiments. 
As  the  ground  water  rises  in  the  pit  lake,  it  would 
come  into  contact  with  material  of  different 
geologic  origin.  Characteristics  of  the  material. 
including  solubility  and  acid-generating  potential- 
would  influence  the  kind  and  concentration  of 
metals    in    the    water.    Consequently,    predicted 


concentrations  for  some  metals  would  rise  or  fall 
because  of  the  sequential  inundation  of  different 
geologic  materials,  as  well  as  precipitation  (which 
dilutes  chemicals)  and  evaporation  (which 
concentrates  chemicals^  No  persistent  organic 
chemicals  are  expected  to  be  present  at  closure. 
The  following  inorganic  chemicals  were  identified  as 
chemicals  of  potential  concern: 


•      Aluminum                      < 

►      Manganese 

•      Antimony                       < 

>      Mercury 

•      Arsenic                          < 

»      Nickel 

•      Cadmium                     < 

>      Selenium 

•      Chromium                     < 

»      Silver 

•      Copper                          < 

»      Thallium 

•      Fluoride                         < 

►      Zinc 

•      Lead 
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Other  chemicals  (e.g.,  iron  and  calcium),  although 
present,  were  not  included  as  chemicals  of  potential 
concern  since  geochemical  studies  determined  that 
they  would  be  present  at  very  low  concentrations, 
relative  to  toxicity  levels  and  background 
concentrations  and/or  they  are  considered 
essential  nutrients  for  plants  and  animals 
(Parametrix  1996). 

C.  1. 1.3  Receptor  Species 

Parametrix  (1996)  selected  receptor  species  for  the 
ecological  risk  assessment  to  represent 
certain  functional  groups,  taxonomic  levels,  trophic 
levels,  habitats,  and  body  sizes.  Threatened  or 
endangered  species  were  also  considered. 
Six  species,  four  birds  and  two  mammals,  were 
chosen  as  receptor  species  for  this  ecological  risk 
assessment.  These  species  are  presented  in 
Table  C-3. 

The  mallard  was  selected  to  represent  waterfowl 
that  may  breed,  winter,  or  stop  over  at  the  pit  lake 
during  migration.  The  mallard  may  drink  from  the 
pit  lake  and  forage  on  both  aquatic  plants  and 
invertebrates.  The  spotted  sandpiper  represents 
shorebirds  that  may  drink  from  the  pit  lake  and 
feed  on  aquatic  invertebrates  found  along  the  lake 
shoreline.  The  cliff  swallow  was  selected  to 
represent  passerine  birds,  especially  aerial 
feeders,  that  may  drink  from  the  pit  lake  and  forage 
on  emergent  aquatic  insects.  The  bald  eagle  was 
considered  as  the  receptor  species  for  raptors 
because  it  is  a  federally  threatened  species  that 
occurs  in  northern  Nevada;  migrating  bald  eagles 
move  through  the  state  and  may  occupy  winter 
habitats  in  Nevada.  The  little  brown  myotis  (bat) 
was  selected  to  represent  small,  insect-eating 
mammals,  which  may  drink  from  the  pit  lake, 
forage  on  emergent  aquatic  insects,  and  breed  and 
roost  on  the  rocky  walls  of  the  pit.  The  mule  deer 
was  selected  as  the  receptor  species  for  large 


mammals;  mule  deer  are  relatively  common  in  the 
pit  lake  vicinity  and  may  be  at  risk  if  they  were  to 
drink  water  from  the  pit  lake.  The  mule  deer  is  a 
food  source  for  carnivores,  scavengers,  and 
humans.  These  species  were  chosen  following  a 
review  of  data  on  the  wildlife  resources  in  the  project 
area  and  consultation  with  the  applicable  resource 
agencies. 

Parametrix  (1996)  determined  that  two  of  the 
potential  receptor  species,  the  bald  eagle  and  the 
mule  deer,  would  be  either  subject  to  negligible  risk, 
or  the  exposure  pathways  would  be  incomplete. 
Therefore,  these  two  organisms  were  eliminated 
from  further  examination.  A  brief  discussion  of  the 
rationale  for  removing  these  animals  from 
consideration  is  discussed  below. 

The  primary  route  of  exposure  for  bald  eagles 
would  be  through  food  consumption.  However, 
Parametrix  (1996)  assumed  that  the  bald  eagle 
would  not  likely  be  exposed  to  chemicals  of  potential 
concern  via  a  food  pathway  for  the  following 
reasons: 

•  Bald  eagles  do  not  currently  nest  in  Nevada 
and,  therefore,  would  not  be  present  most  of  the 
year. 

•  Bald  eagles  generally  concentrate  their  fishing 
efforts  in  shallow  areas  of  water  bodies;  under 
the  No  Action  alternative  and  the=Proposed 
Action,  these=areas  would  be  limited  in  the 
future  pit  lake. 

•  Wintering  bald  eagles  that  occur  in  Nevada 
primarily  occupy  portions  of  western  Nevada 
and  the  Ruby  Lake  area. 

•  Wintering  bald  eagles  typically  feed  on 
waterfowl  and  mammals,  which  were  assumed 
not  to  be  prevalent  at  the  pit  lake. 


TABLE  C-3 
Receptor  Species 


Mammals 

B 

rds 

Common  Name 

Scientific  Name 

Common  Name 

Scientific  Name 

Little  Brown  Myotis 

Myotis  lucifugus 

Mallard  Duck 

Anas  platyrhynchos 

Mule  Deer 

Odocoileus 
hemionus 

Spotted  Sandpiper 

Actitis  macularia 

Cliff  Swallow 

Hirundo  pyrrhonota 

Bald  Eagle 

Haliaeetus 
leucocephalus 
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•  More  favorable  foraging  opportunities  would 
exist  away  from  the  pit  lake  at  Chimney 
Reservoir  (if  not  dry^.  the  Humholdt  River, 
Kelly  Creek,  other  creeks,  and  several  stock 
ponds. 

•  Fish  populations  are  unlikely  to  develop  in  the 
pit  lake  to  a  degree  that  would  support  bald 
eagles  due  to  the  (1)  oligotrophic  (limited  food) 
nature  of  the  lake,  (2)  HmjleaLshallow  littoral 
regions  that  would  act  as  spawning  habitat,  (3) 
lack  of  suitable  substrate  for  spawning,  and  (4) 
lack  of  cover  for  fry  (i.e.,  little,  if  any,  vegetation 
and  few  protected  embayments). 

•  Favorable  roosting  trees  for  bald  eagles  (tall 
trees)  would  not  occur  within  several  miles  of 
the  pit  lake.  Bald  eagles,  particularly  juveniles, 
tend  to  wander  in  the  winter  to  various  foraging 
areas.  Adult  bald  eagles  generally  prefer 
feeding  areas  with  high  concentrations  of  prey, 
and  often  those  areas  are  along  marshes  and 
rivers. 

Mule  deer  are  unlikely  to  have  access  to  lake 
waters.  During  the  summer,  for  example,  mule  deer 
are  expected  to  move  to  higher  areas  in  the  Osgood 
and  Snowstorm  mountain  ranges.  Mule  deer  in  the 
vicinity  of  the  pit  lake  would  most  likely  limit  water 
ingestion  to  more  easily  accessible  streams  (e.g., 
Kelly  Creek)  and  stock  ponds.  The  sheer  walls  of 
the  pit  lake  (an  estimated  100  feet  from  the  rim  to 
the  water's  surface  at  equilibrium)  and  SFPG's 
proposed  measures  to  limit  access  (e.g.,  blasting  pit 
access  roads)  would  also  restrict  mule  deer  from 
reaching  the  water. 

Based  on  these  biological  assumptions,  Parametrix 
(1996)  eliminated  both  the  bald  eagle  and  mule  deer 
from  further  ecological  risk  assessment. 

C.  1. 1.4  Exposure  Scenarios 

It  is  necessary  to  identify  the  pathways  through 
which  a  chemical  of  concern  could  come 
into  contact  with  a  receptor  species.  To  be 
included  in  a  potential  exposure  pathway, 
the  chemical  must  be  bioavailable,  and 
there  must  be  an  identifiable  route  from  source  to 
receptor  (i.e.,  complete  pathway).  The 
exposure  pathways  used  in  the  ecological  risk 
assessment  are  summarized  in  Table  C-4.  To 
minimize  the  formation  of  habitats  that  could 
increase  the  availability  of  food  for  receptor  species 


and  to  limit  access  to  the  water  source,  SFPG 
proposes  the  following  risk  management  actions: 

•  Shallow  areas  and  protected  embayments 
(coves)  would  be  minimized,  based  on  the  final 
engineering  design. 

•  Pit  access  roads  would  be  removed. 

Because  of  the  lack  of  access  roads  and  the  steep, 
unstable  pit  walls,  access  to  the  pit  lake  water  would 
be  difficult. 

It  is  predicted  that  the  pit  lake  would  be  slightly 
eutrophic  at  5  years  and  oligotrophic  for  the 
remainder  of  the  filling  period.  The  term  eutrophic 
(literally,  "well-fed")  indicates  that  the  lake  would  be 
sufficiently  high  in  nutrients  (primarily  nitrogen  and 
phosphorus)  to  promote  primary  production  (algae 
and  macrophytes).  Because  of  the  rapid  filling  of  the 
lake  during  early  lake  development,  however, 
production  should  be  almost  exclusively  algal,  not 
macrophytic.  Macrophyte  growth  would  be  further 
discouraged  by  the  limited  amount  of  protected 
embayments  (which  would  protect  plants  from  harsh 
wave  action),  presence  of  steep  slopes,  and  the 
probable  absence  of  fine  substrates  needed  for  root 
attachment.  At  27  years  and  beyond,  the  lake  would 
be  oligotrophic  (literally,  "few-fed")  and  less 
productive. 

Based  on  previous  studies  in  Nevada  pit  lakes  (PTI 
and  RCI  1996),  phytoplankton,  zooplankton,  and 
macroinvertebrate  populations  would  be  expected  to 
develop  in  the  No  Action  alternative  and  Proposed 
Action  pit  lakes.  During  the  initial  development  of  the 
pit  lake  at  5  years,  macroinvertebrate  production 
would  likely  be  limited  to  low  numbers  of  deep  water 
chironomid  midges  and  oligochaete  worms  because 
of  the  lack  of  a  littoral  zone  and  very  limited  food 
supply  in  the  form  of  organic  matter.  Other 
invertebrate  groups  would  be  expected  to  colonize 
the  pit  lake  at  27  years  and  at  equilibrium,  as  limited 
littoral  areas  develop.  However,  macroinvertebrate 
densities  would  likely  be  relatively  low,  since 
macrophyte  growth  would  be  minimal. 
Phytoplankton  and  zooplankton  (cladocerans, 
copepods,  and  rotifers)  populations  would  gradually 
increase  throughout  the  development  of  the  lake. 
Many  aquatic  insects  exist  as  juveniles  underwater, 
emerging  as  winged  adults  to  breed  (e.g., 
chironomids).  The  very  low  numbers  of  aquatic 
juveniles,  therefore,  severely  limits  the  number  of 
adults      on      which      birds      and      bats      could 
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TABLE  C-4 
Exposure  Pathways 


Species 

5  Years 

27  Years 

Equilibrium 

No  Action  Alternative  (Equilibrium  =127  years) 

Mallard 

Food,  Water 

Water 

Water 

Spotted  Sandpiper 

Food,  Water 

Food/Water 

Food/Water 

Cliff  Swallow 

Food,  Water 

Food/Water 

Food/Water 

Little  Brown  Myotis 

Food,  Water 

Food/Water 

Food/Water 

Proposed  Action  (Equilibrium  «  230  years) 

Mallard 

Food,  Water 

Water 

Water 

Spotted  Sandpiper 

Food,  Water 

Food/Water 

Food/Water 

Cliff  Swallow 

Food,  Water 

Food/Water 

Food/Water 

Little  Brown  Myotis 

Food,  Water 

Food/Water 

Food/Water 

Source:  Parametrix  1 996 

feed.  However.  because  some  aquatic 
macroinvertebrates  capable  of  living  in  deeper 
water  may  be  present  at  5  years,  both  food  and 
water  routes  of  exposure  were  considered  in  the  5- 
year  scenarios  for  those  receptor  species  that 
would  consume  insects  and  other  invertebrates. 

Another  consideration  in  constructing  the  exposure 
scenarios  was  whether  the  exposure  would  be 
acute  (short-term)  or  chronic  (long-term).  Acute 
exposure  would  occur  if  organisms  stop  or  rest  in 
the  exposure  area  for  short  periods  of  time.  For 
chronic  exposure  to  occur,  organisms  would  likely 
remain  in  the  exposure  area  over  an  extended 
period  of  time.  Often  this  would  entail  breeding  and 
nesting  in  the  exposure  area.  A  summary  of  the 
anticipated  acute/chronic  exposure  routes  is 
provided  in  Table  C-5. 

The  individual  receptor  organisms  were  evaluated 
for  their  likelihood  of  chronic  exposure. 

Mallard 

No  chronic  exposure  was  anticipated  for  mallards  in 
the  ecological  risk  assessment  because  (1)  there 
would  be  a  lack  of  sufficient  cover  for  nesting  and 
brooding  within  approximately  100  yards  of  the  pit, 
(2)  there  would  likely  be  insufficient  shallow  aquatic 
vegetation  upon  which  birds  could  feed,  and  (3) 
mallards  are  not  expected  to  overwinter  at  the  pit 
lake  due  to  lack  of  cover,  insufficient  food  supply, 
and  the  presence  of  more  attractive  habitat  nearby. 

Mallards  may  stop  over  at  the  pit  lake  during 
migration  in  the  spring  and  fall  and  thus  may  be 
exposed  to  acute  levels  of  toxicants. 


Spotted  Sandpiper 

Spotted  sandpipers,  which  feed  along  shorelines, 
would  be  expected  to  forage  along  the  edge  of  the 
lake  and  ingest  water  from  the  lake.  They  may  also 
breed  in  the  exposure  area.  Since  it  is  possible  that 
some  aquatic  invertebrates  (e.g..  chironomids. 
which  would  emerge  as  winged  adults^  would  be 
present  at  all  stages  of  lake  development, 
including  5  years,  chronic  exposure  through  both 
food  and  water  was  assumed  for  this  organism- 
Cliff  Swallow 

Swallows,  including  the  cliff  swallow,  would  be 
expected  to  nest  in  and  on  the  pit  walls.  Since 
swallows  construct  their  nests  primarily  from  mud, 
incidental  ingestion  of  water  while  collecting  mud 
could  occur,  along  with  direct  ingestion  from 
drinking.  As  discussed  for  the  spotted  sandpiper,  it 
is  possible  that  some  aquatic  invertebrates  may  be 
present  at  all  stages  nf  lake  development. 
Therefore,  chronic  exposure  through  both  food  and 


water  we 


led  for  this  organism- 


Little  Brown  Myotis 

Bats  would  be  expected  to  colonize  openings  in  the 
pit  walls.  As  mentioned  above,  some  aquatic 
invertebrates  may  he  present  at  all  lake  stages. 
Chronic  exposure  through  both  food  and  water  was 
assumed  for  this  organism. 

C.1 .2  Exposure  Assessment 

For  each  wildlife  receptor  having  a  complete 
exposure  pathway,  chemical  doses  were  estimated 
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TABLE  C-5 
Acute  and  Chronic  Exposure  Routes 


Species 

5  Years 

27  Years 

Equilibrium 

No  Action  Alternative  (Equilibrium  =127  years) 

Mallard 

Acute 

Acute 

Acute 

Spotted  Sandpiper 

Chronic 

Chronic 

Chronic 

Cliff  Swallow 

Chronic 

Chronic 

Chronic 

Little  Brown  Myotis 

Chronic 

Chronic 

Chronic 

Proposed  Action  (Equilibrium  =  230  years) 

Mallard 

Acute 

Acute 

Acute 

Spotted  Sandpiper 

Chronic 

Chronic 

Chronic 

Cliff  Swallow 

Chronic 

Chronic 

Chronic 

Little  Brown  Myotis 

Chronic 

Chronic 

Chronic 

Source:  Parametrix  1996 


by  using  predicted  water  concentrations  and 
receptor-specific  body  weights  and  ingestion  rates. 
As  part  of  the  conservative  nature  of  the  screening- 
level  risk  assessment,  it  was  assumed  that  all  water 
and/or  food  would  come  from  the  pit  lake. 

For  the  spotted  sandpiper,  cliff  swallow,  little  brown 
myotis.  and  mallard  at  5  years,  both  water  and 
food  exposure  routes  were  considered  in 
calculating  the  chemical  dose.  For  the  mallard  at 
27  years  and  at  lake  equilibrium,  only  the  water 
dose  was  considered  (due  to  the  predicted 
oligotrophic  state  of  the  lake).  The  dose  from  food 
was  estimated  by  multiplying  the  water 
concentration  by  a  bioconcentration  factor,  as 
illustrated  in  the  following  equation: 

EED  =  ((C^,  *  BCF  *  IR)0J  +  (C.  *  IR_J)/BW 

where: 

EED  =    expected  environmental  dose  of  a 
chemical  from  food  and  water 
(milligrams/kilogram/day) 
chemical  concentration  in  water 
(milligrams/liter) 

BCF  =    bioconcentration  factor  (liters/kilogram) 
ingestion  rate  of  food  (kilograms/day) 
ingestion  rate  of  water  (liters/day) 
body  weight  of  receptor  (kilograms) 


IRl00d  =  0.0582  *BW° 


where: 


C      = 


IRlood  = 
"\aler  = 
BW  = 


Food  and  water  ingestion  rates  were  derived  from 
the  literature  or  calculated  using  allometric 
equations  obtained  from  U.S.  Environmental 
Protection  Agency  sources.  For  example,  the 
equation  to  calculate  food  ingestion  in  birds  is: 


IRl00d  =    ingestion  rate  of  food  (kilograms/day) 
BW  =     body  weight  of  receptor  (kilograms) 

Table  C-6  summarizes  the  assumed  values  used  to 
calculate  chemical  dose. 


Bioconcentration  factors  were  determined  using 
both  historical  laboratory  studies  as  well  as  data 
from  a  pit  lake  analog  study  (PTI  and  RCI  1996).  In 
the  analog  study,  existing  Nevada  pit  lakes  were 
examined  for  chemical  and  physical  parameters, 
including  chemical  concentrations  in  water  and  body 
tissue.  If  multiple  sources  of  data  were  found,  either 
from  the  field  study  or  from  literature-based 
laboratory  studies,  the  geometric  mean  of  the 
bioconcentration  factors  was  calculated  and  used  in 
the  screening-level  risk  assessment.  The 
invertebrate  and  plant  bioconcentration  factors  used 
in  the  screening-level  risk  assessment  are 
presented  in  Table  C-7. 

Ecological  effects  levels,  or  doses,  are  toxicological 
benchmark  values  that  are  expected  to  result  in 
no  adverse  effects  on  the  receptor  organism. 
The  no-adverse-effect  levels  may  be  for  chronic 
or  acute  (lethal)  exposure.  No  U.S.  Environmental 
Protection  Agency  criteria  or  state  of  Nevada 
standards  currently  exist  for  wildlife.  Therefore, 
the  benchmark  values  used  in  the  screening- 
level  risk  assessment  were  derived  from  the 
scientific  literature.  Acute  toxicity  data  were 
generally     presented     as     LDMs     (the     dose     of 
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TABLE  C-6 
Values  Used  to  Calculate  Chemical  Dose 


Species 

Parameter 

Uttte  Brown 
Myotis 

Mallard 

Cliff 
Swallow 

Spotted 
Sandpiper 

Ingestion  rate  of  food 
(IR,_  kg/dav) 

0.00267 

0.066 

0.0058 

0.00745 

Ingestion  rate  of  water 
(ia-_  L/dav) 

0.00118 

0.067 

0.0047 

0.0072 

Body  weight  (kg) 

0.0073 

1.2 

0.023 

0.043 

100  Percent  of  diet 

Insects 

Plants 

Insects 

Insects 

Source:  Parametrix  1996 


TABLE  C-7 
Bioconcentration  Factors 


Chemical 

Invertebrate  Bioconcentration  Factors 

Plant  Bioconcentration  Factors 

Aluminum 

62.6 

0.7 

Antimony 

4.5 

1.3 

Arsenic  (V) 

5.9 

314.6 

Cadmium 

53.2 

289.4 

Chromium 

1.0 

299.1 

Copper 

539.1 

73.5 

Fluoride 

2.3 

76.0 

Lead 

90.9 

9.7 

Manganese 

1800.0 

76.0 

Mercury 
(inorganic) 

1612.0 

438.7 

Nickel 

72.4 

891.5 

Selenium  (VI) 

15.7 

6.3 

Silver 

16.8 

15.5 

Thallium 

34.0 

76.0 

Zinc 

560.6 

684.5 

Source:  Parametrix  1 996 


a  chemical  that  causes  50  percent  mortality  in 
the  test  organisms);  chronic  endpomts  included 
no-observed-adverse-effect  levels  for  such  things 
as  survival,  reproduction,  and  growth.  Since 
the  number  of  species  for  which  toxicity  data 
are  available  is  generally  quite  limited,  data 
from  surrogate  species  were  often  used.  For 
example,  avian  effects  levels  may  have  been 
derived  from  laboratory  tests  using  chickens  or 
ducks. 

C.1.3  Ecological  Risk  Characterization 

To  characterize  the  risk  in  this  screening-level  risk 
assessment,  the  estimated  exposure  doses  were 


compared  to  the  estimated  ecological  effects 
levels  to  yield  a  quantitative  evaluation  of  potential 
risk  to  wildlife.  The  resulting  ratio  is  known  as  a 
hazard  quotient  (Bamthouse  et  al.  1986;  Suter 
1993).  The  hazard  quotient  equation  is  given  below: 

Hazard  Quotient  =  expected  environmental  dose/ 
toxicological  benchmark  value 

A  hazard  quotient  less  than  1.0  indicates  that  the 
dose  of  a  chemical  that  an  organism  would  receive 
is  less  than  the  level  that  could  cause  adverse 
effects.  Therefore,  a  hazard  quotient  less  than  1.0 
indicates  that  toxicity  is  unlikely  to  occur  given  the 
conservative      nature      of      screening-level      risk 
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assessments.  For  example,  exposure  is  considered 
high  (assuming  all  water  and  food,  for  example, 
comes  from  the  pit  lake),  and  adverse  effect  levels 
are  low  (use  of  the  lowest  no-observed-adverse- 
effect  levels,  for  example). 

If  a  hazard  quotient  is  calculated  to  be  greater  than 
1.0,  then  the  concentration  of  a  contaminant 
expected  to  occur  in  the  environment  is  greater  than 
levels  found  in  laboratory  or  field  studies  to  cause  no 
adverse  effects  to  a  receptor  organism.  A  hazard 
quotient  greater  than  1.0  does  not  necessarily  imply 
that  adverse  effects  would  occur.  This  is  especially 
true  in  this  screening-level  risk  assessment  where 
the  lowest-observed-adverse-effect  level  was  used 
as  the  effects  threshold.  The  lowest-observed- 
adverse-effect  level  is  the  lowest  effects  threshold 
available  in  the  literature.  The  use  of  a  more  realistic 
(higher)  effects  threshold  would  result  in  a  lower 
hazard  quotient.  A  hazard  quotient  greater  than  1.0, 
therefore,  is  an  indicator  that  a  chemical  should  be 
considered  a  chemical  of  potential  concern,  and 
further  evaluation  is  required. 

The  magnitude  of  the  hazard  quotient  is  important. 
Because  of  the  conservative  nature  of  a  screening- 
level  risk  assessment,  hazard  quotients  between  1 .0 
and  10.0  are  often  not  considered  indicative  of 
significant  risk,  while  hazard  quotients  greater  than 
10.0  indicate  a  potentially  significant  risk.  The 
assumptions  used  to  calculate  the  hazard  quotients 
(e.g.,  adverse  effects  levels)  must  be  considered 
when  interpreting  the  results.  The  more  conser- 
vative the  assumptions,  the  less  likelihood  that  a 
hazard  quotient  greater  than  1.0  indicates  a  tangible 
risk. 

For  the  mallard,  no  hazard  quotients  exceeded 
1.0  for  any  of  the  time  periods  modeled  for  the 
No  Action  alternative  or  the  Proposed  Action  pit 
lakes.  The  receptor  species  for  which  one  or  more 
hazard  quotients  exceeded  1.0  are  listed  in 
Table  C-8. 

The  screening-level  risk  characterization  identified 
the  following  wildlife  receptors  and  chemicals  of 
potential  concern  for  further  analysis  in  a  baseline 
risk  assessment: 

•  The  little  brown  myotis  (bat  species)  was  found 
to  be  potentially  at  risk  from  exposure  to 
aluminum,  antimony,  arsenic.  selenium, 
thallium,  and  zinc. 


•  The  cliff  swallow  was  found  to  be  potentially  at 
risk  from  exposure  to  antimony,  selenium,  and 
thallium. 

•  Ihe^spotted  sandpiper  was  found  to  be 
potentially  at  risk  from  exposure  to  antimony 
and  selenium. 

Based  on  these  results,  a  baseline  risk  assessment 
was  conducted  to  further  evaluate  the  potential 
ecological  risks  of  these  chemicals  in  the  Twin 
Creeks  Mine  pit  lake. 

C.1.4  Uncertainty  Analysis 

As  with  most  risk  assessments,  the  screening-level 
risk  assessment  conducted  for  the  Twin  Creeks 
Mine  has  several  uncertainties.  The  uncertainties 
are  related  to  assumptions  regarding  exposure 
(including  bioavailability  and  bioconcentration 
factors)  and  toxicological  benchmark  (i.e.,  no  effect 
level)  values.  The  uncertainties  contribute  to  the 
possibility  that  the  risk  to  receptors  may  be  over-  or 
under-estimated.  The  sources  of  uncertainty  in  the 
Twin  Creeks  Mine  screening-level  risk  assessment 
are  shown  in  Table  C-9. 

The  first  two  uncertainty  factors  assume  not  only 
that  all  food  and  water  would  come  from  the  pit  lake, 
but  that  all  chemicals  would  be  bioavailable.  It  is 
highly  unlikely  that  all  food  and  water  would  come 
from  the  pit  lake,  especially  considering  that  other 
water  sources  (e.g.,  the  Humboldt  River)  are 
available  in  the  area.  It  is  also  unlikely  that 
chemicals  would  be  100  percent  bioavailable.  Most 
metals  tend  to  bind  to  sediments  and  suspended 
particulates  and  are  not  available  for  uptake  into 
body  tissue.  While  it  is  possible  that  the  uncertainty 
related  to  other  factors,  including  dose  and 
benchmark  values,  could  underestimate  risk,  the 
conservative  nature  of  the  screening-level  risk 
assessment  should  compensate  for  any 
underestimations. 

C.2  Baseline  Risk  Assessment 

The  purpose  of  the  baseline  ecological  risk 
assessment  was  to  further  examine  the  chemicals 
of  concern  that  have  the  potential  for  adverse 
effects  based  on  the  results  of  the  screening-level 
risk  assessment.  The  baseline  risk  assessment 
re-evaluated  key  assumptions  used  in  the 
screening-level  risk  assessment  and  refined  these 
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C.1  Screening-Level  Risk  Assessment 


TABLE  C-8 

Hazard  Quotients  for  Affected  Species' 

Screening-Level  Risk  Assessment 


No  Action  PI 

tLake 

Receptor 

Chemical 

5  Years 

27  Years 

Equilibrium 
(127  Years) 

North 

South 

Little  Brown 
Myotis 

Aluminum 

1.00 

0.12 

0.49 

0.48 

Antimony 

45.70 

3.76 

20.60 

36.71 

Arsenic 

0.72 

0.57 

0.72 

1.49 

Selenium 

4.70 

1.27 

2.38 

2.47 

Thallium 

1.36 

0.38 

0.72 

1.20 

Zinc 

0.96 

1.22 

0.84 

0.72 

Cliff 
Swallow 

Antimony 

34.03 

2.80 

15.34 

27.33 

Selenium 

2.53 

0.68 

1.28 

1.33 

Spotted 
Sandpiper 

Antimony 

24.34 

2.00 

10.97 

19.55 

Selenium 

1.77 

0.48 

0.90 

0.93 

Proposed  A< 

stion  Pit  Lake 

Receptor 

Chemical 

5  Yea 

27  Years 

Equilibrium 
(230  Years) 

North 

South 

North 

South 

Little  Brown 
Myotis 

Aluminum 

1.03 

0.04 

0.64 

0.05 

0.23 

Antimony 

45.80 

3.77 

50.34 

3.55 

31.67 

Arsenic 

0.63 

1.02 

1.40 

0.97 

1.90 

Selenium 

5.59 

0.58 

3.11 

0.54 

1.42 

Thallium 

1.51 

0.26 

1.48 

0.22 

1.02 

Zinc 

1.04 

0.65 

0.55 

0.72 

0.69 

Cliff 
Swallow 

Antimony 

34.10 

2.81 

37.49 

2.64 

23.58 

Selenium 

3.01 

0.31 

1.67 

0.29 

0.77 

Thallium 

1.05 

0.18 

1.03 

0.15 

0.71 

Spotted 
Sandpiper 

Antimony 

24.39 

2.01 

26.81 

1.89 

16.87 

Selenium 

2.11 

0.22 

1.17 

0.20 

0.54 

'Hazard  quotients  are  unitless;  they  were  rounded  to  two  decimal  places. 
2Species  and  chemicals  for  which  one  or  more  hazard  quotient  exceeded 
Source:  Parametrix  1996. 


TABLE  C-9 
Sources  of  Uncertainty  in  the  Screening-Level  Risk  Assessment 


Sources  of  Uncertainty 

Effect  of  Uncertainty 

Assumed  100  percent  bioavailability  of  chemicals 

Overestimate  of  risk 

Assumed  100  percent  of  food  and  water  intake  from  pit  lake 

Overestimate  of  risk 

Invertebrate  and  plant  bioconcentration  factors 

Over-  or  underestimate  of  risk 

Receptor  ingestion  rates 

Over-  or  underestimate  of  risk 

Receptor  body  weights 

Over-  or  underestimate  of  risk 

Toxicological  benchmark  values 

Over-  or  underestimate  of  risk 

Predicted  concentration  of  chemicals  in  lake  water 

Over-  or  underestimate  of  risk 

Source:  Parametrix  1996. 
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assumptions  to  produce  a  more  realistic  estimation 
of  potential  risk. 

The  screening-level  risk  assessment  included 
assumptions  that  resulted  in  uncertainties  about  the 
risk  estimations.  These  uncertainties  are 
described  in  Section  C.1.4  and  are  summarized  in 
Table  C-9.  In  general,  these  assumptions  resulted 
in  an  overestimation  of  risk  to  receptor  species.  In 
the  baseline  risk  assessment,  some  of 
the  assumptions  were  modified  to  provide 
what  is  believed  to  be  more  realistic  estimations  of 
exposure  and/or  effects.  Three  quantitative 
changes  were  made  in  the  baseline  risk 
assessment: 

•  Ecological    Effects    Characterization   -    No- 
Observed-Adverse-Effect  Level  for  Antimony. 

In  the  screening-level  risk  assessment,  the  no- 
observed-adverse-effect  level  used  for  antimony 
was  0.035  milligrams/kilogram  per  day,  which 
was  derived  from  a  rat  study  involving  longevity. 
In  the  baseline  risk  assessment,  a  no-observed- 
adverse-effect  level  of  2  milligrams/kilogram  per 
day  was  used.  This  value  was  obtained  from  a 
study  of  ewes  and  lambs  in  which  reproduction 
was  the  endpoint  to  represent  a  population-level 
impact.  Since  protection  of  populations,  rather 
than  individual  organisms,  is  the  critical  goal  of 
an  ecological  risk  assessment,  it  was 
determined  that  the  ewe  reproduction  study 
more  appropriately  represented  potential 
impacts  to  wildlife  populations. 

•  Ecological  Effects  Characterization 
Threshold  Value.  In  the  screening-level  risk 
assessment,  the  no-observed-adverse-effect 
level  was  used  as  the  concentration  below 
which  no  adverse  effects  are  anticipated  to 
occur.  The  actual  concentration  at  which  effects 
do  occur  lies  somewhere  between  the  no- 
observed-adverse-effect  level  and  the  lowest- 
observed-adverse-effect  level.  This  concen- 
tration, sometimes  referred  to  as  the  chronic 
value,  can  be  estimated  by  calculating  the  mean 
of  the  no-observed-adverse-effect  level  and  the 
lowest-observed-adverse-effect  level.  The 
resulting  dose  was  referred  to  as  the  toxicity 
reference  value  and  was  used  to  calculate 
hazard  quotients  in  the  baseline  risk 
assessment.  The  use  of  the  mean  of  the  no- 
observed-adverse-effect  level  and  lowest- 
observed-adverse-effect   level   to   calculate   a 


hazard    quotient    results    in   a    more    realistic, 
though  still  conservative,  estimation  of  risk. 

•  Ecological  Exposure  Assessment  -  Food 
Ingestion  for  Bats.  In  the  screening-level  risk 
assessment,  the  food  ingestion  rate  for  the  little 
brown  myotis  was  assumed  to  be  0.37 
kilograms/kilogram-day,  which  is  an  average 
value  from  several  ages  of  bats.  The  baseline 
risk  assessment  used  a  higher  ingestion  rate  of 
0.48  kilograms/kilogram-day,  which  is  the 
maximum  ingestion  rate  of  a  lactating  female. 
This  higher  rate  results  in  a  higher  estimate  of 
dose  to  the  bat.  In  addition,  the  assumption 
regarding  the  bat's  foraging  range  was  adjusted 
to  include  both  the  northern  and  southern  lakes. 
when  both  lakes  would  exist  (e.g..  at  5  yearsV 

Using  the  revised  estimates  of  exposure  and 
effects,  new  hazard  quotients  were  calculated  for 
the  chemicals  and  species  that  were  found  to  be  at 
potential  risk  in  the  screening-level  risk  assessment. 

The  recalculated  hazard  quotients  for  the  baseline 
risk  assessment  are  presented  in  Table  C-10. 

The  only  hazard  quotients  greater  than  1 .0  were  for 
the  little  brown  myotis  for  the  metal  selenium.  These 
hazard  quotients  occurred  in  Year  5  of  lake 
development  for  both  the  No  Action  alternative  and 
Proposed  Action  North  Pit  lakes.  The  selenium 
hazard  quotients  are  not  considered  significant 
because  of  their  magnitude  (they  were  barely  over 
1.0),  the  knowledge  that  these  hazard  quotients 
were  not  statistically  distinguishable  from  1.0 
because  of  the  uncertainties  inherent  in  the 
assumptions  and  calculations,  and  understanding 
that  the  toxicity  reference  values  were  conservative 
values  given  the  use  of  safety  factors  in  their 
derivation.  For  example,  while  a  hazard  quotient  of 
1.1  was  based  on  selenium  concentrations  in 
the  north  lake  of  the  No  Action  alternative  pit  at 
5  years  (Table  C-10),  the  projected  foraging  of 
the  bat  over  both  the  south  and  north  pit  lakes 
would  result  in  an  average  hazard  quotient  of 
0.7.  Additionally,  whereas  a  hazard  quotient  of 
1.3  was  associated  with  the  selenium 
concentrations  predicted  for  the  north  lake 
of  the  Proposed  Action  pit  at  5  years  (Table  C-10), 
the  projected  foraging  of  the  bat  over  both  the 
south  and  north  pit  lakes  would  result  in  an 
average  hazard  quotient  of  0.7.  No  risks  to 
other  receptor  organisms  were  identified. 
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TABLE  C-10 

Hazard  Quotients  for  Affected  Species1 

Baseline  Risk  Assessment 


No  Action  P 

t  Lake 

Receptor 

Chemical 

5  Years 

27  Years 

Equilibrium 
(127  Years) 

North 

South 

Little  Brown 
Myotis 

Aluminum 

0.24 

0.03 

0.12 

0.11 

Antimony 

0.19 

0.02 

0.08 

0.15 

Arsenic 

0.17 

0.13 

0.17 

0.35 

Selenium 

1.11 

0.30 

0.56 

0.58 

Thallium 

0.32 

0.09 

0.17 

0.07 

Zinc 

0.23 

0.29 

0.20 

0.17 

Cliff 
Swallow 

Antimony 

0.11 

0.009 

0.05 

0.09 

Selenium 

0.46 

0.12 

0.23 

0.24 

Thallium 

0.17 

0.05 

0.09 

0.04 

Spotted 
Sandpiper 

Antimony 

0.08 

0.006 

0.04 

0.06 

Selenium 

0.32 

0.09 

0.16 

0.17 

Proposed  Action  Pit  Lake 

Receptor 

Chemical 

5  Years 

27  Years 

Equilibrium 
(230  Years) 

North 

South 

North 

South 

Little  Brown 
Myotis 

Aluminum 

0.25 

0.009 

0.15 

0.01 

0.05 

Antimony 

0.19 

0.02 

0.20 

0.01 

0.13 

Arsenic 

0.15 

0.24 

0.33 

0.23 

0.44 

Selenium 

1.32 

0.14 

0.73 

0.13 

0.34 

Thallium 

0.36 

0.06 

0.35 

0.05 

0.06 

Zinc 

0.25 

0.16 

0.13 

0.17 

0.16 

Cliff 
Swallow 

Antimony 

0.11 

0.009 

0.12 

0.008 

0.08 

Selenium 

0.55 

0.06 

0.30 

0.05 

0.14 

Thallium 

0.19 

0.03 

0.19 

0.03 

0.03 

Spotted 
Sandpiper 

Antimony 

0.08 

0.006 

0.09 

0.006 

0.05 

Selenium 

0.38 

0.04 

0.21 

0.04 

0.10 

Hazard  quotients  are  unitless. 
Source:  Parametrix  1996. 

Based  on  these  study  assumptions,  available  data 
in  the  literature,  and  the  likelihood  of  exposure,  the 
baseline  risk  assessment  indicated  that  none  of  the 
receptor  organisms  would  be  at  risk  from  the  Twin 
Creeks  Mine  No  Action  alternative  and  Proposed 


Action  pit  lakes.  Therefore,  no  impacts  to  aquatic  or 
terrestrial  wildlife  species  from  acute  or  chronic 
exposure  to  future  pit  lakp  water  have  been 
identified. 
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Ecological  Risk  Assessment 


APPENDIX  C  ATTACHMENT  C1 


Appendix  C  Attachments 


Attachment    1 


Selection    of 


Antimony  Endpoint  Studies 

Selection  of  the  Rat  Study  for  the 
Screening-Level  Risk  Assessment 

The  rat  study  (Schroeder  et  al.  1970)  was  used  in 
the  screening-level  risk  assessment  because  of  its 
application  hy  the  EPA  in  developing  the  antimony 
drinking  water  criterion  for  human  health  (EPA 
1992b)  and  to  efficiently  screen  chemicals,  and 
thus  it  was  not  initially  reviewed  as  to  its 
applicability  for  the  ecological  risk  assessment. 
The  relevant  elements  of  this  study  are  outlined 
below: 

•  Rats  were  exposed  to  antimony  (111)  potassium 
tartrate  (the  most  toxic  form  of  antimony  [EPA 
1992b]  in  drinking  water  for  their  entire  lifetime 
(approximately  1.000  days)  (Schroeder  et  al. 
1970). 


Differences  were  observed  between  control 
and  antimony-exposed  rats  in  serum  glucose 
and  cholesterol  levels  as  well  as  a  reduction  in 
the  overall  lifespan  of  exposed  rats.  The  life 
span  of  male  rats  was  reduced  13.9  percent 
(over  a  span  of  3  years),  while  the  life  span  of 


female  rats  was  reduced  5.9  percent  over  this 
same  time  period  (Schroeder  et  al.  1970). 

•  No  differences  were  observed  in  heart  weight- 
body  weight,  or  tumor  incidence  in  exposed 
rats  at  time  of  death. 

Baseline  Risk  Assessment  Review  of 
the  Rat  Study 

The  assumptions  and  studies  used  in  the 
screening-level  risk  assessment  were  reviewed  for 
applicability  and  sources  of  uncertainty  in  the 
baseline  risk  assessment.  In  particular,  a  number 
of  studies  that  addressed  the  toxicity  of  antimony 
to  wildlife  were  reviewed  to  further  evaluate  the 
applicability  of  the  rat  study  (which  was  used  to 
develop  a  criterion  to  protect  individuals).  These 
studies  are  described  below: 

•  The  baseline  risk  assessment  identified  the  rat 
longevity  reduction  endpoint  as  a  major  source 
of  uncertainty  in  extrapolating  to  a  population- 


level  endpoint.  For  some  toxicological 
endpoints.  it  is  possible  to  extrapolate  between 
toxicity  endpoints  when  data  are  available 
to  support  this  process.  For  example. 
EPA  guidance  allows  the  extrapolation 
of  acute  endpoints  (mortality)  to 
chronic  endpoints  (reduced  reproduction) 
using  Acute  Chronic  Ratios  (Stephan  et  al. 
1985).  However,  no  such  guidance  is 
available  from  EPA  or  the  scientific  literature 
to  predict  whether  extrapolations  from 
longevity  reduction  to  reproduction  reduction 
would  increase  or  decrease  the  toxicity 
value.  Therefore,  use  of  a  longevity 
reduction  endpoint  to  estimate  population- 
level  endpoints  introduces  an  unknown 
and  potentially  large  level  of  uncertainty 
into  this  risk  assessment. 

The  baseline  risk  assessment  indicated  that 
extrapolating  toxicity  between  species  for 
differing  endpoints  does  not  have  a 
scientifically-defensible  basis  at  this  time- 


Predicted  Impact  of  Longevity 
Reduction  on  Bat  Populations 

The  baseline  risk  assessment  effort  concurrently 
evaluated  the  impact  of  longevity  reduction  and  the 
timing  of  mortality  on  maintaining  populations  of 
the  little  brown  myotis  (Myotis  lucifugus).  Results 
of  the  evaluation  are  given  below: 


Douben 


idicate    that 


^Assuming  first  no  effect  on  reproduction,  and 
secondly  that  substance-induced  mortality 
takes  place  after  the  breeding  season  but 
before  natural  density-dependent  mortality,  the 
extent  of  normal  mortality  will  be  less  severe 
thus,  at  least  partially,  compensating  for  the 
extra  deaths.'l 

Review  of  the  population  biology  of  the  little 
brown  myotis  indicated  that  a  6  to  14  percent 
reduction  in  overall  lifespan  would  likely  have 
little  or  no  impact  on  maintaining  the 
population  of  these  animals.  These  bats  have 
lifespans  of  up  to  29  years  (Hill  and  Smith 
1992)r  with  yearling  hats  having  a  40  to  80 
percent  survival  rate  to  reach  7  or  8  years  (Hill 
and  Smith  1992).  Bats,  in  general,  are 
long-lived  mammals  (particularly  for  their  size). 
with  field  banded  individuals  capahle  of 
surviving    18    years    and    typically    becoming 
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TABLE  C1-1 
Projected  Reductions  in  Little  Brown  Myotis  Longevity 


Projected  Life  Span  of 
Non-Antimony  Exposed  Myotis 

Predicted  Life  Span  of 

Antimony-Exposed1  Female 

Myotis 

Predicted  Life  Span  of 

Antimony-  Exposed1  Male 

Myotis 

6 

5.6 

5.2 

7 

6.6 

6.0 

8 

7.5 

6.9 

'This  assumes  that  little  brown  myotis  exposed  to  0.35  mg/kg/day  exhibit  the  same  response  as  rats  in  the  Schroeder 
etal.  (1970)  study. 


reproductive    in   their   second   year   (Hill    and 
Smith  1992  V 

•  Projected  reductions  in  little  brown  myotis 
longevity  as  observed  in  the  Schroeder  et  al. 
(1970)  study  were  calculated  and  are 
presented  in  Table  C1-1.  Postulating  a  similar 
response  to  antimony  as  the  rat  study,  little 
brown  myotis  exposed  to  the  lowest-observed- 
adverse-effect-level  value  of  0.35  mg/kg/day 
would  still  have  multiple  opportunities  to 
reproduce  and  maintain  population  levels. 

Seiection  of  the  Ewe  Study  for  the 
Baseline  Risk  Assessment 

Review  of  the  Schroeder  et  al.  (19701  rat  study  for 
its  applicability  to  the  baseline  risk  assessment 
concluded  that  (1)  a  significant  level  of  uncertainty 
existed  in  the  screening-level  risk  assessment 
from  extrapolating  between  endpoints  for  different 
species  using  Schroeder  et  al.  (1970)  and  (2)  this 
effect  endpoint  (longevity  reduction)  would  have 
little  or  no  influence  on  little  brown  myotis 
population  levels.  Thus,  a  more  realistically 
appropriate  antimony  endpoint  study.  (James  et  al. 
1966)  described  below,  was  selected  for  the 
baseline  risk  assessment. 


This  study  administered  2.0  mg/kg/day  of 
antimony  (III)  potassium  tartrate  to  yearling 
ewes  for  the  first  45  days  of  gestation  or  for 
the  full  gestation  period  (154  to  155  days). 
This  study  found  no  adverse  impact  on  sheep 
reproduction  at  this  dose  for  either  exposure 
time  period  (James  et  al.  1966). 

Review  of  the  aforementioned  ewe  study  by 
EPA  indicated  that  the  reason  it  was  not  used 
to  establish  the  human  Drinking  Water  Effects 
Level  was  that  it  did  not  establish  a  toxic  level 
lowest-observed-adverse  effect  (EPA  1992b). 


only  a  no-observed-adverse-effect  level.  EPA 
requires  the  establishment  of  both  a  lowest- 
observed-adverse-effect  level  and  no- 
observed-adverse-effect  level  so  that  the 
adopted  criteria  are  representative  of  the 
actual  level  that  results  in  toxicity.  For 
purposes  of  this  EIS.  a  no-observed-adverse- 
effect  level  was  considered  sufficient  to 
establish  a  conservatively  protective  level  for 
assessing  risks  to  wildlife  populations. 

•  The  baseline  risk  assessment  concluded  that 
using  this  antimony  no-observed-adverse- 
effect  level  would  be  more  appropriat 
still  being  conservative-  in  establi 
population-level  reproductive  effects  endpoint. 

Introduction  of  New  Extrapolation 
Uncertainty 

In  going  from  a  study  of  rats  (similar  in  body  size  to 
bats  and  birds)  to  a  ewe  study  in  the  baseline  risk 
assessment,  a  new  source  of  uncertainty  was 
introduced:  inter-species  extrapolation  for  the 
same  endpoint.  However,  in  contrast  to  the  earlier 
discussion  of  extrapolating  between  endpoints.  the 
practice  of  extrapolating  between  species  for  the 
same  endpoint  is  well  established  in  biology  in 
general  (Davidson  et  al.  1986)  and  specifically  for 
toxicology  (Chappell  199P:  Watanahe  et  al.  1992). 
Additionally: 

•  Watanabe  et  al.  (1992)  have  developed  a 
procedure  to  calculate  confidence  intervals  for 
extrapolating  (termed  allometric  scaling)  toxic 
effects  between  different  species.  This 
technique  was  not  applied  in  the  baseline  risk 


The  use  of  this  no-observed-adverse-effect  level  value  would 
be  considered  conservative  as  no  lowest-observed-adverse- 
effect  level  was  established  in  this  study.  Thus  the  true  no- 
observed-adverse-effect  level  is  likely  to  be  higher  than  this 
value. 
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assessment  since  quantification  of  this  type  of 
uncertainty  would  not  have  affected  the 
conclusions. 

The  adoption  of  a  reproductive  endpoint  with 
demonstrated  relevance  to  population 
maintenance  does  reduce  the  uncertainty 
present  in  the  screening-level  risk  assessment 
of  antimony. 

The  reduction  in  uncertaialy_ooncerning  the 
potential  risk  to  wildlife  from  antimony  resulted 
from  two  elements: 

-  Sound.  scientific  support  for  the 
extrapolation  of  the  same  effect  endpoint 
between  species,  and 


-  Quantr 


lation  of  uncertainty  in  the 


extrapolation  between  species. 

Result      of      Ewe      to      Bat      Effects 
Extrapolation 

The  uncertainty  of  the  inter-species  extrapolation 
was  not  quantified  in  the  baseline  risk  assessment 


since  the  sheep-dosing  level  was  adequate  to 
demonstrate  that  the  predicted  antimony 
concentrations  in  the  lake  would  not  pose  risks  to 
wildlife  (Parametrix  1996).  The  actual  allometric 
scaling  of  the  sheep  dose  to  the  dose  a  bat  would 
receive  would  actually  result  in  an  increase  in  the 
no-observed-adverse-effect  level  usedg.  Thus,  the 
no-observed-adverse-effect  level  used  in  the 
baseline  risk  assessment  still  represents  a 
conservative  approach  for  estimating  the  potential 
risks  to  wildlife  from  antimony  in  the  future  pit  lake. 


Result  of  Adopting  Ewe  Study 

In  summary,  adopting  a  reproductr 


rved; 


adverse-effect  level  for  a  species  with  a  greater 
susceptibility  to  toxicity  provides  a  more  reliable 


estimate  of  the  bat's 


rQ.m_aati.m.Qf 


beeaiis 


the  uncertainty 


with  extrapolating  from  longevity  reduction  to  a 
population-level  endpoint. 


'  Larger  animals  are  typically  more  susceptible  to  toxicity  on  a 
mg/kg  body  weight  basis.  This  is  because  "...the  different 
response  of  larger  animals  is  related  to  the  slower  metabolic 
and  clearance  rates  for  larger  animals  which  give  rise  to  larger 
biological  half-lives  for  chemicals  in  the  body  and  to  higher 
tissue  concentrations  per  dose"  (Chappell  1 992). 
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Attachment  2  -  Bald  Eagle 
Drinking  Rates 

Raid  eagle  drinking  rates  were  estimated  using  the 
allometric  scaling  equation  for  hird  ingestion  rates 
JLQLJwgter  (Parametrix  1396,  as  taken  from  EPA 
1993a)  andjhe  hody  size  of  average  female  hald 
eagles  (Stalmaster  1987): 

Bird  Ingestion  Rate^.   =  0.059  *  Body  Weight  (kg)m 

The  estimated  drinking  rate  (0.18  L/day)  was 
Jn.dgggM?n%     confirmed     using     the     approach 


outlined  for  bald  eagles  in  the  wildlife  exposure 
handhook  (EPA  1993b1.  Estimated  doses  from 
drinking  pit  lake  water  and  avian  toxicity 
data  (Parametrix  1996)  were  used  to  calculate 
hazard  quotients.  These  hazard  quotients 
indicated  that  individual  bald  eagles  would  not  be 
at  risk  from  any  of  the  lake  constituents 
(see  attached  Tables  C2-1  to  C2-4\.  To 
demonstrate  risk,  a  hazard  quotient  must  be 
gieateuLhan  or  equal  to  1.0:  the  highest  hazard 
quotient  measured  for  individual  bald  eagles  was 
&QQ3_(sglenium  VI  in  the  north  lobe  for  the 
Proposed  Action  at  5  years  (see  Table  C2-4L 
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TABLE  £2-1 

Exposure  Assumptions  for  the  Bald  Eagle  in  the  Twin  Creeks  Mine  No  Action  and 

Proposed  Action  Pit  Lakes:  Baseline  Risk  Assessment 


BW 

(kg) 

IRw 
(L/d) 

IRf 

(kg/d) 

Bald  Eagle 

5.268 

1.8E-1 

1.7E-1 

BW  =  Body  weight 

IRw  =  Water  ingestion  rate 

IRf  =  Food  ingestion  rate 


TABLE  £2-2 

Avian  Toxicity  Data  for  the  Twin  Creeks  Mine  No  Action  and 

Proposed  Action  Pit  Lakes:  Baseline  Risk  Assessment 


Constituent 

Avian 

LD50 

(mg/kg-d) 

Avian 

NOAEL 

(mg/kg-d) 

Aluminum 

261 

343 

Antimony 

115 

0.035 

Arsenic  (V) 

323 

7 

Cadmium 

350 

0.072 

Chromium 

13 

0.07 

Copper 

300 

8.3 

Fluoride 

50 

13.2 

Lead 

256 

0.072 

Manganese 

410 

122.4 

Mercury  (Inorganic) 

26 

0.37 

Methylmercury 

2 

0.0064 

Nickel 

66 

4 

Selenium  (VI) 

1 

0.055 

Silver 

1680 

22.2 

Thallium 

32 

0.2 

Zinc 

2510 

139 

LD50  =  Mean  lethal  dose 

NOAEL  =  No-observed-adverse-effect  level 


C2-2 
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TABLE  £2-3 

Water  Concentrations,  Estimated  Environmental  Doses,  and 

Hazard  Quotients:  No  Action  Alternative 


Constituent 

No  Action  Lake,  North  Lobe  -  5  Years 

No  Action  Lake,  South  Lobe  -  5  Years 

Acute1 

Cw 
(mg/L) 

Bald  Eagle 

Acute 

EED 

(mg/kg-d) 

Bald  Eagle 

Acute 

HQ 

(unitless) 

Acute1 

Cw 
(mg/M 

Bald  Eagle 

Acute 

EED 

Bald  Eagle 

Acute 

HQ 

(unitless) 

Aluminum 

1 .00090 

0.03420 

0.00013 

0.13311 

0.00455 

0.00002 

Antimony 

1.17766 

0.04024 

0.00035 

0.09567 

0.00327 

0.00003 

Arsenic  (V) 

0.32257 

0.01102 

0.00003 

0.19233 

0.00657 

0.00002 

Cadmium 

0.00104 

0.00004 

0.00000 

0.00338 

0.00012 

0.00000 

Chromium 

0.00076 

0.00003 

0.00000 

0.00073 

0.00003 

0.00000 

Copper 

0.00157 

0.00005 

0.00000 

0.01415 

0.00048 

0.00000 

Fluoride 

1.39567 

0.04769 

0.00095 

0.94737 

0.03237 

0.00065 

Lead 

0.00014 

0.00000 

0.00000 

0.00307 

0.00011 

0.00000 

Manganese 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

Mercury  (Inorganic) 

0.00023 

0.00001 

0.00000 

0.00054 

0.00002 

0.00000 

Methylmercury 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

Nickel 

0.08121 

0.00277 

0.00004 

0.02891 

0.00099 

0.00001 

Selenium  (VI) 

0.08112 

0.00277 

0.00277 

0.01306 

0.00045 

0.00045 

Silver 

0.00480 

0.00016 

0.00000 

0.00556 

0.00019 

0.00000 

Thallium 

0.04357 

0.00149 

0.00005 

0.00872 

0.00030 

0.00001 

Zinc 

0.11723 

0.00401 

0.00000 

0.03707 

0.00127 

0.00000 

Acute  concentrations  are  based  on  the  95th  percentile  of  the  predicted  concentrations  of  the  north  pit  lake  5  years  after 

closure. 
Cw  =  Water  concentration 
EED  =  Expected  environmental  dose 
HQ  =  Hazard  quotient 
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TABLE  £2-3  (continued) 

Water  Concentrations,  Estimated  Environmental  Doses,  and 

Hazard  Quotients:  No  Action  Alternative 


Constituei 

it 

No  Action  Lake  -  27  Years 

No  Action  Lake  - 127  Years 

Acute1 

Cw 
(mg/L) 

Bald  Eagle 

Acute 

EED 

(mg/kg-d) 

Bald  Eagle 

Acute 

HQ 

(unitless) 

Acute1 

Cw 
(mg/L) 

Bald  Eagle 

Acute 

EED 

(mg/kg-d) 

Bald  Eagie 

Acute 

HQ 

(unitless) 

Aluminum 

0.52989 

0.01811 

0.00007 

0.51668 

0.01765 

0.00007 

Antimony 

0.52379 

0.01790 

0.00016 

0.93726 

0.03202 

0.00028 

Arsenic  (V) 

0.24408 

0.00834 

0.00003 

0.44052 

0.01505 

0.00005 

Cadmium 

0.00135 

0.00005 

0.00000 

0.00203 

0.00007 

0.00000 

Chromium 

0.00074 

0.00003 

0.00000 

0.00072 

0.00002 

0.00000 

Copper 

0.00176 

0.00006 

0.00000 

0.00138 

0.00005 

0.00000 

Fluoride 

1.08785 

0.03717 

0.00074 

1 .56429 

0.05345 

0.00107 

Lead 

0.00013 

0.00000 

0.00000 

0.00025 

0.00001 

0.00000 

Manganese 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

Mercury  (Inorganic) 

0.00024 

0.00001 

0.00000 

0.00029 

0.00001 

0.00000 

Methylmercury 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

Nickel 

0.04964 

0.00170 

0.00003 

0.05337 

0.00182 

0.00003 

Selenium  (VI) 

0.03711 

0.00127 

0.00127 

0.03574 

0.00122 

0.00122 

Silver 

0.00389 

0.00013 

0.00000 

0.00508 

0.00017 

0.00000 

Thallium 

0.02043 

0.00070 

0.00002 

0.03565 

0.00122 

0.00004 

Zinc 

0.06353 

0.00217 

0.00000 

0.04257 

0.00145 

0.00000 

Acute  concentrations  are  based  on  95th  percentile  of  the  predicted  concentrations  of  the  north  pit  lake  5  years  after  closure. 
Cw  =  Water  concentration 
EED  =  Expected  environmental  dose 
HQ  =  Hazard  quotient 


C2-4 
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Attachment  3  -  Additivity  in 
Ecological  Risk  Assessment 

This  section  provides  a  technical  position  on  when 
to  assume  additivity  in  evaluating  the  toxicity  of 
metals.  The  position  assumes  additivity  in 
particular  circumstances  and  sets  forth  the 
scientific  rationale  for  this  position  assumption. 

Additivity  refers  to  the  concept  of  whether  one 
assumes  that  the  toxicity  of  multiple  chemicals  in  a 
mixture  should  he  added  to  reflect  their  collective 


toxici: 


fhe     concept     has 


extensively  hy  Alabaster  and  Lloyd  (1980)  and 
adopted  in  Fnrope  for  regulating  the  acute  toxicity 
of  chemical  mixtures  in  wastewaters.  Additivity  in 
acute  toxicity  is  better  understood  than  additivity  in 
chronic  toxicity,  and  assumptions  about  additivity 
may  not  hold  for  both  acute  and  chronic  toxicity. 
These  differences  are  believed  to  reflect  changes 
in  the  chemicals'  mechanisms  of  action- 
It  is  known  that  the  toxicity  of  a  chemical  mixture 
may  reflect  the  contributions  of  the  constituents 
under  certain  circumstances.  To  account  for  this. 
the  toxicities  of  chemicals  with  hazard  quotients 
greater  than  0.3  are  added,  provided  (1)  at  least 
one  chemical  hazard  quotient  exceeds  1.0  and  (2) 
the  latter's  mechanism  of  toxic  action  is  similar  to 
that  of  chemicals  with  hazard  quotients  greater 
than  0.3.  For  example,  if  the  hazard  quotient  for 
copper  exceeds  1.0.  then  the  hazard  quotients 
greater  than  or  equal  to  0.3  for  metals  with  modes 
of  toxic  action  similar  to  copper  can  be  added  to 
the  copper  hazard  quotient.  Suppose  the  hazard 
quotient  for  copper  is  1 .7  and  the  hazard  quotients 
for  cadmium,  nickel,  and  zinc  are  0.3.  0.5.  and  0.7. 
the  aggregate  hazard  quotient  for  these  four 
divalent  heavy  metals  is  3.2.  The  basis  for  these 
assumptions  is  explained  further  below. 

Hazard  Quotient  Greater  Than  1.0 
Assumption 

There  are  two  reasons  for  requiring  at  least  one 
chemical  in  a  mixture  to  possess  an  hazard 
quotient  exceeding  1.0  before  considering 
additivity  from  other  chemicals.  First,  it  indicates 
that  the  toxicities  of  the  chemicals  in  a  mixture 
(effluent)  must  exceed  a  minimum  risk  threshold 
(i.e..  hazard  quotient  greater  than  1.0)  before 
considering  the  risks  posed  hy  other  chemicals. 
Secondly,  the  policy  avoids  situations  where  one 


could  measure  many  chemicals  in  a  mixture. 
whether  30  or  100.  and  assume  the  mixture  is 
toxic  because  the  chemical  hazard  quotients  sum 
to  greater  than  1.0  even  though  each  hazard 
quotient  may  be  very  low  (e.g..  0.002.  0.2V  In  such 
a  situation,  it  would  be  conceivable  to  declare  that 
a  sample  has  significant  risks  simply  by  measuring 
many  chemicals.  As  indicated  below,  there  is 
evidence  that  no  more  than  three  or  four  chemicals 
in  a  mixture  contribute  at  any  time  to  toxicity 
(Eaton  1973:  Sprague  1970:  Marking  and  Dawson 
1975:  Marking  1977).  This  is  because  the 
concentrations  and  toxicity  of  each  chemical  in  a 
mixture  typically  are  quite  different.  For  example,  in 
chronic  toxicity  tests  of  different  proportions  of 
cadmium,  copper  and  zinc  in  a  mixture  to  the 
fathead  minnow.  Eaton  (1973)  concluded  that  the 
mixture's  toxicity  was  "little  if  any  more  toxic  than 

its  zinc  component  aloneZ Spehar  et  al.  (1978) 

reached  the  same  conclusion  in  a  chronic  toxicity 
test  of  flagfish  (Jordanella  floridae)  exposed  to 
mixtures  of  cadmium  and  zinc. 

Hazard  Quotient  Greater  Than  0.3 
Assumption 

The  basis  for  summing  only  those  chemicals  with 
hazard    quotients    nreater    thar 
recomrr 

Parkhurst  et  al.  (1995).  and  is  based  on 
Parametrix  (1993).  There  are  two  reasons  for  the 
hazard  quotient  greater  than  0.3  criterion.  First, 
chemicals  with  low  hazard  quotients  (e.g..  0.5) 
aclually^pose  very  low  risks  when  one  considers 
the  probabilities  of  exposure  and  adverse 
biological  effect,  which  are  computed  by 
multiplying  the  probabilities.  For  example,  when 
the  hazard  quotient  is  low,  it  reflects  low 
probabilities  (e.g..  3  percent)  of  exposure  and/or 
adverse  effects  (Parametrix  1993).  The  second 
reason  concerns  the  phenomenon  discussed 
above  whereby  the  toxicity  of  only  a  few  chemicals 
in  the  mixture  are  expected  to  predominate  at  any 
one  time  (Eaton  1973:  Konemann  1980:  Spehar  et 
al.  1978V 

Requirement  for  Similar  Mechanism  of 
Action  for  Chemicals  with  Hazard 
Quotients  Greater  Than  0.3 

Chemicals  must  have  the  same  mode  of  action  in 
order  to  assume  their  toxicities  and  risks  are 
additive.  In  addition,  this  criterion  is  applied  only 
when    (1)    the    hazard    quotient    of    at    least    one 
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chemical  in  the  mixture  is  greater  than  or  equal  to 
1.0  and  (2)  other  chemicals  with  hazard  quotients 
greater  than  0.3  have  the  same  mode  of  action 
as  that  of  the  chemical  whose  hazard  quotient 
exceeds  1.0.  This  mode  of  action  assumption 
is  based  on  the  scientific  literature  (e.g..  Alabaster 
and  Lloyd  1980:  Konemann  1980)  and  has 
official  agency  sanction.  For  example.  U.S.  EPA's 
(1994a)  draft  guidance  for  conducting  ecological 
risk  assessments  states  "//  contaminants  of 
ecological  concern  exist  at  the  site,  it  may  be 
appropriate  to  sum  the  hazard  quotients  for 
contaminants  with  the  same  ecological  effect 
endpoint  and/or  the  same  mechanism  of  toxic 
effect. " 

There  is  conflicting  evidence  in  the  literature  as 
to  which  metals  may  have  additive  effects. 
Because  the  toxicity  of  metals  and  other 
inorganic      chemicals      may      vary,      depending 

on     the_._..  chemical    and. ,, species     of     organism 


considered  (Alabaster  and  Lloyd  1980:  Konemann 
1980:  Newman  1995:  Spehar  and  Fiandt  1985), 
additivity  is  assumed  only  when  supported 
hy  literature  citations  documenting  similar 
modes  of  action  or  additivity.  For  example. 
Spehar  and  Fiandt  (1985)  learned  that  one  cannot 
make  broad  generalizations  concerning 
metal  toxicity.  They  observed  additivity  in 
acute  and  chronic  tests  of  arsenic,  cadmium- 
chromium,  copper,  lead  and  inorganic  mercury 
using  freshwater  invertebrates,  and  daphnids 
{Ceriodaphnia  dubia).  but  observed  some 
synergism  in  acute  tests  and  antagonism 
in  chronic  tests  of  the  same  metals  using 
a  freshwater  fish,  the  fathead  minnow  (Pimephales 
promelas).  In  general,  there  appears  to 
be  a  consensus  that,  in  theory,  one  can 
assume  that  the  aquatic  toxicity  of  divalent 
heavy  metals  is  additive  (Pi  Toro  et  al. 
1991:  USEPA  1994h):  hut  as  indicated 
above,  there  are  exceptions  to  this  generalization. 
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Appendix  D 
Human  Health  Risk 
Assessment 

A  risk  assessment  was  conducted  to  evaluate 
potential  human  health  risks  associated  with 
the  Twin  Creeks  Mine  pit  lake.  The  chemicals 
that  could  pose  a  potential  risk  to  humans 
were  identified  in  a  screening-level  risk 
assessment  and  subsequently  evaluated  in  a 
baseline  risk  assessment  for  the  Twin  Creeks 
Mine. 

D.1    Screening-Level  Risk 
Assessment 

The  pit  lakes  associated  with  the  No  Action 
alternative  and  Proposed  Action  were 
evaluated  in  the  human  health  risk 
assessment.  The  human  health  evaluation 
process  paralleled  the  ecological  risk 
assessment.  Problem  formulation,  or 
development  of  the  conceptual  site  model,  is 
discussed  in  the  ecological  risk  assessment 
(see  Appendix  C).  Chemicals  of  primary 
concern  included  in  the  screening-level 
ecological  risk  assessment  were  also 
considered  in  the  screening-level  human 
health  assessment.  These  chemicals  are  listed 
in  Section  C.1.1.2  in  Appendix  C.  In  contrast  to 
the  ecological  risk  assessment,  the  human 
health  measurement  endpoints  were  identified 
as  the  protection  of  individuals,  rather  than  the 
population  at  potential  risk. 

The  human  health  risk  assessment  used  a 
method  for  evaluating  potential  risks  similar  to 
the  method  used  for  the  ecological  risk 
assessment.  Hazard  quotients,  or  the  ratio  of 
the  estimated  exposure  dose  or  intake  to  a 
known  dose  below  which  adverse  effects 
would  not  be  expected,  were  calculated  for 
each  chemical  and  exposure  pathway.  If  the 
hazard  quotient  was  less  than  1.0,  the 
potential  for  adverse  effects  was  considered 
negligible,  and  there  was  no  need  to  evaluate 
the  chemical  further  in  the  baseline  risk 
assessment. 


D.1.1  Exposure  Assessment 

Potential  receptors  and  exposure  pathways 
were  identified  for  evaluation,  and  the  media- 
specific  dose  or  intake  was  quantified. 
Receptors  are  not  likely  to  be  exposed  to  the 
pit  lake  at  5  years  post-closure  for  the  No 
Action  alternative  or  the  Proposed  Action 
because  of  the  distance  from  the  pit  rim  to  the 
lake;  therefore,  risks  were  not  quantified  for 
the  5-year  scenario.  The  only  reasonable 
potential  receptor  for  all  of  the  other 
postclosure  scenarios  was  assumed  to  be  an 
adventurous  hiker  who  visits  the  lake  for  a 
single  weekend  in  a  single  year.  The  hiker  is 
assumed  to  swim  in  the  lake  and,  at  the 
127/230  year  postclosure  scenario,  catch  and 
consume  fish  from  the  lake.  The  potential 
exposure  pathways  evaluated  in  the  human 
health  screening-level  risk  assessment  are 
shown  in  Table  D-1. 

Media-specific  intake  of  chemicals  through 
incidental  ingestion  of  surface  water,  dermal 
contact  with  surface  water,  and  ingestion  of 
fish  were  calculated  as  the  mass  of  the 
chemical  ingested  or  absorbed,  divided  by  the 
mass  of  the  receptor.  Intake  of  fish  and  water, 
and  dermal  absorption  were  calculated 
following  standard  risk  assessment  guidelines 
(U.S.  Environmental  Protection  Agency  1989). 
It  was  assumed  in  the  screening-level  risk 
assessment  that  the  receptor  would  ingest  250 
grams  of  fish  caught  from  the  lake;  swim  for 
2.6  hours;  and  while  swimming,  19,400  square 
centimeters  of  skin  (the  whole  body)  would  be 
exposed  to  the  surface  water.  An  average 
adult  body  weight  of  75  kilograms  was 
assumed  in  the  calculations. 

Dermal  absorption  of  chemicals  during 
swimming  was  estimated  using  chemical- 
specific  skin  permeability  values  published  in 
U.S.  Environmental  Protection  Agency  Dermal 
Guidance  (U.S.  Environmental  Protection 
Agency  1992)  and  shown  in  Table  D-2. 

Expected  environmental  concentrations  in  the 
lake  at  27,  127,  and  230  years  postclosure 
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TABLE  D-1 
Potential  Exposure  Pathways 


Alternative 

5  Years 

27  Years 

Equilibrium 

No  Action 
Alternative 

No  receptors  due  to  the 
distance  to  the  lake. 

Dermal  contact  with  water  while 
swimming. 

Incidental  ingestion  of  water 
while  swimming. 

Dermal  contact  with  water  while 
swimming. 

Incidental  ingestion  of  water 
while  swimming. 
Ingestion  of  fish. 

Proposed 
Action 

No  receptors  due  to  the 
distance  to  the  lake. 

No  receptors  due  to  the 
distance  to  the  lake. 

Dermal  contact  with  water  while 
swimming. 

Incidental  ingestion  of  water 
while  swimming. 
Ingestion  of  fish. 

TABLE  D-2 
Summary  of  Chemical-Specific  Parameters  Used  in  the  Human  Health  Risk  Assessment 


Constituent 

Fish  Bioconcentration  Factor 
(liters/kilogram) 

Dermal  Kp' 
(unitiess) 

10-Day  Health  Advisory 

(milligrams/kilogram-day) 

aluminum 

62.6 

0.001 

5.0x10' 

antimony 

0.5 

0.001 

1.0x10* 

arsenic 

1.0 

0.001 

1.0  x102 

cadmium 

21.5 

0.001 

4.0  x103 

chromium 

1.7 

0.001 

1.0  x  10"1 

copper 

1.0 

0.001 

1.3x10' 

fluoride 

2.3 

0.001 

6.5x10' 

lead 

24.0 

0.000004 

6.4  x102 

manganese 

1800 

0.001 

1.0x10' 

mercury 

2,998 

0.001 

1.3  x102 

nickel 

0.8 

0.0001 

1.0x10' 

selenium 

30.5 

0.001 

4.1  x103 

silver 

14.5 

0.0006 

2.0  x102 

thallium 

65.7 

0.001 

7.0  x104 

zinc 

397.1 

0.0006 

6.0x10' 

1  Kp-Dermal  Partition  Coefficient 
Source:  Parametrix  1996 


were  estimated  using  the  modeled  around 
water  results  presented  in  Section  3.2  of  the 
environmental  impact  statement.  Fish  tissue 
concentrations  were  estimated  by  multiplying 
chemical-specific  bioconcentration  factors  by 
the  modeled  surface  water  concentrations. 
The  fish  tissue  bioconcentration  factors  used 
in  the  risk  assessment  are  shown  in 
Table  D-2. 


D.1.2  Toxicity  Assessment 

The  toxicity  assessment  is  the  equivalent  of 
the  ecological  effects  characterization  in  the 
ecological  risk  assessment.  Toxicological 
properties  of  each  chemical  were  evaluated, 
and  appropriate  toxicity  values  for  comparison 
with  the  estimated  exposure  dose  were 
selected.  Because  the  pit  lake  is  not  intended 


D-2 
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for  recreational  purposes,  only  acute, 
noncarcinogenic  exposures  were  evaluated. 

The  measurement  endpoint  selected  for  the 
human  health  toxicity  assessment  is  the  10- 
day  Health  Adv/isory  (U.S.  Environmental 
Protection  Agency  1989,  1995).  The  10-day 
Health  Advisory  represents  the  chemical 
concentration  in  drinking  water  that  is  not 
expected  to  cause  adverse  noncarcinogenic 
effects  for  up  to  14  days  of  exposure  to  a  child. 
Health  Advisories  were  selected  as  a 
conservative  estimate  of  a  safe  exposure  level 
for  acute  adult  exposures. 

Health  advisories  are  calculated  by  selecting 
an  appropriate  no-observed-adverse-effect 
level  or  lowest-observed-adverse-effect  level, 
applying  safety  factors  if  necessary,  and 
adjusting  to  a  water  concentration  that  is 
protective  of  a  child.  In  order  to  compare  the 
10-day  Health  Advisory  to  the  acute  intake 
value  (milligrams/kilogram  per  day)  calculated 
in  the  exposure  assessment,  it  was  necessary 
to  convert  the  water  concentration  Health 
Advisory  back  to  the  equivalent  dose  by 
dividing  by  the  body  weight  of  a  child  (10 
kilograms)  and  multiplying  by  the  child's 
assumed  ingestion  rate  of  water  (1  liter/day) 
(U.S.  Environmental  Protection  Agency  1990). 

Safety  factors  that  had  been  used  in 
calculating  the  Health  Advisory  were  not 
modified,  with  one  exception.  The  U.S. 
Environmental  Protection  Agency  incorporated 
a  safety  factor  of  1,000  for  protecting  of 
sensitive  individuals  in  the  derivation  of  the 
antimony  Health  Advisory.  A  safety  factor  of 
100  was  considered  more  appropriate  for  use 
in  this  risk  assessment,  because  it  was 
assumed  that  only  healthy,  strong  individuals 
would  climb  down  to  the  pit  lake  and  be 
exposed  to  chemicals. 

Published  10-day  Health  Advisories  were 
available  for  antimony,  cadmium,  chromium, 
nickel,  silver,  thallium,  and  zinc.  For  man- 
ganese and  selenium,  the  Health  Advisories 
were  taken  from  their  respective  U.S.  Environ- 
mental Protection  Agency  drinking  water 
criteria  documents.  A  1-day  Health  Advisory 
was  used  for  copper,  because  no  10-day 
Health  Advisory  was  available.  Health  Advisor- 
ies   were    derived    for    aluminum,    arsenic, 


fluoride,  lead,  and  mercury  using  relevant 
acute  studies  from  the  scientific  literature, 
appropriate  safety  factors,  and  standard  U.S. 
Environmental  Protection  Agency  procedures. 
The  10-day  Health  Advisories  used  in  the 
human  health  risk  assessment  are  shown  in 
Table  D-2. 

D.1 .3  Human  Health  Risk 
Characterization 

Hazard  quotients,  or  the  ratio  of  the  estimated 
acute  intake  or  dose  from  the  exposure 
assessment  to  the  acute  dose  derived  from  the 
10-day  Health  Advisory,  were  calculated  for 
each  chemical  and  each  exposure  pathway. 
The  hazard  quotients  were  summed  across 
pathways  to  give  a  total  hazard  quotient  for  the 
receptor  for  each  chemical.  A  hazard  quotient 
less  than  1.0  indicated  that  acute  health 
effects  were  not  likely  to  occur  as  a  result  of 
exposure  to  chemicals  in  the  pit  lake. 
Chemicals  with  a  hazard  quotient  less  than  1.0 
ere  not  identified  as  chemicals  of  primary 
concern  and  were  eliminated  from  further 
evaluation  in  the  baseline  risk  assessment.  A 
hazard  quotient  greater  than  1.0  implied  that 
the  potential  exists  for  human  health  effects  to 
occur.  Those  chemicals  with  total  hazard 
quotients  greater  than  1.0  were  selected  as 
chemicals  of  primary  concern  for  further 
evaluation  in  the  baseline  risk  assessment. 

The  hazard  quotients  for  the  No  Action 
alternative  at  the  27-year  postclosure  scenario 
were  all  less  than  1.0,  indicating  that  potential 
health  impacts  would  not  be  likely  to  occur 
based  on  the  exposure  assumptions  and 
water  concentrations  for  that  scenario.  The 
total  hazard  quotient  for  thallium  for  both  the 
No  Action  alternative  127-year  post- 
closure  scenario  and  the  Proposed  Action 
230-year  postclosure  scenario  was  11.3  and 
9.5,  respectively.  Therefore,  thallium  was 
identified  as  a  chemical  of  potential  concern  to 
humans  if  they  were  to  consume  fish  from  the 
pit  lake. 

Thallium  and  its  compounds  have  not  been 
well  studied.  Little  information  is  available  on 
absorption,  distribution,  and  metabolism. 
Animal  studies  suggest  that  thallium  is 
completely  absorbed  and  transported  in  the 
body   in    a    manner   similar   to    iron.    Animal 
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studies  also  indicate  thallium  accumulates  in 
the  kidney,  heart,  brain,  bone,  skin,  and  blood. 

Occupational  exposure  to  thallium  has  been 
reported  to  affect  the  nervous  system. 
Workers  have  complained  of  crawling  of  the 
skin,  prickling  skin,  numbness  of  the 
extremities,  burning  feet,  and  muscle  cramps 
(Agency  for  Toxic  Substances  and  Disease 
Registry  1990).  No  data  are  available  on  the 
carcinogenic  response  associated  with 
thallium  in  animals  or  humans  (U.S. 
Environmental  Protection  Agency  1996). 

D.1.4  Uncertainty  Analysis 

There  are  several  possible  sources  of 
uncertainty  in  the  human  health  risk 
assessment.  These  include  the  modeled  pit 
lake  water  chemical  concentrations,  the  fish 
bioconcentration  factors,  the  exposure 
assumptions  made  in  the  dose  equations,  and 
the  use  of  the  10-day  Health  Advisories  as  the 
toxicological  benchmark  values.  The  range  of 
uncertainty  in  these  values  is  discussed  below, 
and  the  specific  sources  of  uncertainty  for 
thallium  are  presented  in  Table  D-3. 

As  the  concentrations  of  chemicals  in  the  pit 
lake  were  predicted  from  an  empirical  model 
(PTI  1996a),  there  is  some  uncertainty 
associated  with  the  estimated  water 
concentrations.  For  example,  in  the  model, 
future  concentrations  of  metals  in  ground 
water  were  estimated  based  on  current  ground 
water  concentrations  and  predictions  of  the 
future  ground  water  flow  characteristics. 
However,  in  cases  when  a  metal  was  not 
detected  in  the  ground  water  under  present 


conditions,  it  was  assumed  to  be  present  at 
one-half  of  its  laboratory  detection  limit.  This 
practice  may  cause  an  overestimate  of  the 
predicted  water  concentration  in  the  pit  lake 
and  subsequently  may  cause  an  overestimate 
of  the  risks  to  human  health. 

The  concentrations  of  metals  in  fish  tissue  also 
are  a  source  of  uncertainty,  as  a 
bioconcentration  factor  is  applied  to  the 
predicted  water  concentration.  For  most 
metals,  the  range  of  fish  bioconcentration 
factors  spans  less  than  one  order  of 
magnitude.  Other  sources  of  uncertainty  in 
the  human  health  risk  assessment  include 
the  exposure  assumptions  used  in  estimating 
the  dose  of  water  and  fish  that  a  person 
would  consume  from  the  pit  lake.  As  the 
range  of  fish  consumption  rates  or  any  other 
exposure  parameter  might  span  an  order  of 
magnitude,  the  uncertainty  in  the  resulting 
estimate  may  also  range  up  to  an  order  of 
magnitude. 

Use  of  the  10-day  Health  Advisories  for 
children  as  a  benchmark  dose  for  protecting 
adults  against  acute  effects  is  another 
source  of  uncertainty.  The  population  likely  to 
be  exposed  to  the  pit  lake  would  be  comprised 
of  healthy,  adventurous  people  who  are 
assumed  to  be  capable  of  a  rigorous  climb  into 
and  out  of  the  pit  lake.  This  targeted 
population  is  quite  different  than  the  sensitive 
population  (e.g.,  children  and  the  elderly) 
targeted  for  the  10-day  Health  Advisories. 
Therefore,  the  risks  predicted  using  these 
values  as  the  benchmark  dose  may 
overpredict  the  actual  risks  to  the  exposed 
population. 


TABLE  D-3 
Sources  of  Uncertainty  in  the  Human  Health  Risk  Assessment  of  Thallium 


Sources  of  Uncertainty 

Effect  of  Uncertainty 

Fish  bioconcentration  factor 

Over-  or  underestimate  of  risk 

Use  of  10-day  Drinking  Water  Health  Advisory 

Overestimate  of  risk 

Assumed  100  percent  bioavailability  of  chemicals 

Overestimate  of  risk 
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D.2  Baseline  Risk  Assessment 

The  baseline  risk  assessment  made  several 
refinements  in  the  risk  evaluation  in  order  to 
produce  a  more  realistic  estimate  of  the  potential 
risk  to  humans  consuming  fish  from  the  pit  lake. 

The  surface  water  concentration  for  thallium  used 
in  the  screening-level  risk  assessment  was  refined 
in  the  baseline  risk  assessment,  resulting  in  a  3.8 
to  6.3  factor  reduction  in  the  exposure  point 
concentration.  The  value  used  in  the  screening- 
level  risk  assessment  was  based  on  a 
conservative  interpretation  of  below-detection-limit 
data  in  the  ground  water,  resulting  in  an 
overestimation  of  the  potential  thallium 
concentration  in  pit  lake  water.  Ground  water  data 
from  22  wells  were  used  in  the  screening-level  risk 
assessment.  Three  of  four  samples  analyzed  from 
a  single  well  (M/O  394318-1)  exhibited  elevated 
thallium  detection  limits  when  compared  with  a 
sample  analyzed  by  a  more  sensitive  analytical 
technique.  Because  of  the  higher  detection  limits  in 
these  three  samples,  the  average  ground  water 
concentration  of  thallium  used  in  the  screening 
level  risk  assessment  to  predict  the  future  lake 
concentration  was  probably  artificially  inflated. 

For  the  baseline  risk  assessment,  the  water  quality 
simulation  model  was  rerun  using  one-half  the 
detection  limit  to  replace  the  three  elevated  values 
used  in  the  screening-level  risk  assessment.  One- 
half  the  detection  limit  was  determined  to  be  a 
more  appropriate  representation  of  the  actual 
value  based  on  (1)  the  previous  analysis  using  the 
more  sensitive  measurement  technique,  (2)  an 
evaporative  concentration  experiment  performed 
by  PTI,  and  (3)  the  time  invariant  results  for 
detected  analytes  from  Well  M/O  394318-1  (PTI 
1996a).  Using  one-half  the  detection  limit  resulted 
in  a  reduction  in  the  predicted  thallium  concen- 
tration in  pit  lake  water  by  a  factor  of  approxi- 


mately 4  from  the  screening-level  risk  assessment 
estimates.  In  addition  to  revisions  of  the  exposure 
point  concentration,  the  toxicity  value  used  in  the 
screening-level  risk  assessment  was  reviewed  and 
modified.  The  drinking  water  advisory  developed 
by  the  U.S.  Environmental  Protection  Agency's 
Office  of  Water  was  used  in  the  screening-level 
risk  assessment  to  screen  the  future  pit  lake 
concentration  for  evaluation  of  adverse  effects  to 
humans.  The  drinking  water  advisory  is  a 
nonregulatory  concentration  for  protecting  human 
health  via  drinking  water.  The  U.S.  Environmental 
Protection  Agency  has  developed  a  draft 
subchronic  oral  reference  dose  for  thallium  based 
on  the  same  no-observed-adverse-effects  level 
used  to  derive  the  drinking  water  health  advisory. 
The  reference  dose  does  not,  however,  include  the 
additional  safety  factor  for  protecting  sensitive 
members  of  the  population  that  is  included  in  the 
derivation  of  the  drinking  water  advisory  value.  In 
addition,  the  baseline  risk  assessment  modified  the 
U.S.  Environmental  Protection  Agency  draft 
subchronic  reference  dose  using  standard 
procedures  to  account  for  differences  in  derivation 
of  acute  versus  subchronic  values.  This  resulted  in 
a  toxicity  threshold  value  that  is  10  percent  of  the 
rat  no-observed-adverse-effects  level.  The  value  is 
considered  to  be  protective  because  it  falls  two 
orders  of  magnitude  below  the  range  of  exposure 
levels  associated  with  sever  acute  effects  to 
humans  (Parametrix  1996). 

As  a  result  of  these  modifications,  no  human 
health  risks  from  exposure  to  thallium  by  fish 
ingestion  were  identified  in  the  baseline  risk 
assessment.  All  of  the  estimated  hazard  quotients 
for  human  exposure  to  all  chemical  concen- 
trations in  the  pit  lake  were  less  than  1.0. 
Therefore,  no  significant  impacts  to  humans  are 
anticipated  from  exposure  to  chemicals  in  the  Twin 
Creeks  Mine  No  Action  alternative  and  Proposed 
Action  pit  lakes. 
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TABLE  E-1 
National  Register  of  Historic  Places  Status  of  Cultural  Resources  Within  the  Project  Area 


Agency  Site  No, 

or 
Smithsonian  No, 

Brief  Site  Description 

Project 
Association 

National 

Register  of 

Historic 

Places 

Potential 

Project 
Disturbance 

Mitigation 

Report  No.  ARS  762 

26Hu0514 

lithic  scatter/base  camp 

Em 

— 

— 

26Hu2860 

residential  base  camp 

E£D) 

— 

— 

26Hu3206 

residential  base 
camp/ranch 

No  Action 
Alternative 

ECO) 

Yes 

None 

26Hu3207 

lithic  scatter 

NEL 

— 

... 

26Hu3208 

lithic  scatter 

NEL 

— 

— 

26Hu3209 

lithic  scatter 

NEL 

— 

— 

26Hu3210 

lithic  scatter/trash  scatter 

NEL 

— 

... 

26Hu3211 

lithic  scatter/field  camp 

Bim 

— 

— 

26Hu3212 

lithic  scatter/trash  scatter 

Pre-EfDV 
Hist-UK 

— 

... 

26Hu3213 

lithic  scatter 

NEL 

— 

— 

26Hu3214 

lithic  scatter 

NEL 

— 

... 

26Hu3215 

lithic  scatter 

NEL 

... 

... 

26Hu3216 

lithic  scatter 

NEL 

— 

— 

26Hu3217 

trash  scatter 

UK 

... 

... 

26Hu3218 

trash  scatter 

UK 

— 

... 

26Hu3219 

lithic  scatter 

NEL 

— 

... 

26Hu3220 

field  camp  and  lithic 
scatter/trash  scatter 

Pre-EO. 
HistNEL 

— 

— 

26Hu3221 

lithic  scatter/field  camp 

EQ) 

... 

... 

26Hu3222 

lithic  scatter 

NEL 

... 

... 

26Hu3223 

lithic  scatter 

NEL 

... 

... 

26Hu3224 

lithic  scatter/tool 
concentration 

NEL 

... 

... 

26Hu3225 

lithic  scatter 

NEL 

... 

... 

26Hu3226 

historic  rock  cairn 

UK 

... 

... 

26Hu3227 

lithic  scatter 

NEL 

... 

... 

26Hu3228 

lithic  scatter 

NEL 

... 

— 

26Hu3229 

lithic  scatter 

NEL 

... 

... 

26Hu3230 

lithic  scatter 

NEL 

... 

... 

26Hu3231 

residential  base  camp 

Rabbit  Creek 
Diversion 

EfD) 

Yes 

Yes 

26Hu3232 

lithic  scatter 

NEL 

... 

— 

26Hu3233 

lithic  scatter 

NEL 

... 

... 

26Hu3234 

lithic  scatter 

NEL 

— 

— 

26Hu3235 

lithic  scatter 

NEL 

— 

— 

26Hu3236 

lithic  scatter 

EM 

... 

— 

26Hu3237 

lithic  scatter 

NEL 

... 

— 

26Hu3238 

lithic  prospect/scatter 

NEL 

... 

... 

26HU3239 

lithic  scatter 

NEL 

... 

... 

26HU3240 

lithic  scatter 

em 

... 

... 
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TABLE  E-1 
National  Register  of  Historic  Places  Status  of  Cultural  Resources  Within  the  Project  Area 


Agency  Site  No. 

or 
Smithsonian  No. 

Brief  Site  Description 

Project 
Association 

National 

Register  of 

Historic 

Places 

Potential 

Project 
Disturbance 

Mitigation 

26HU3241 

lithic  scatter 

NEL 

... 

— 

26HU3242 

lithic  scatter 

ISO- 

... 

... 

26Hu3243 

residential  base  camp 

Em) 

... 

... 

26Hu3244 

lithic  scatter 

NEL 

... 

... 

26Hu3245 

lithic  scatter 

mm 

... 

... 

26Hu3246 

lithic  scatter 

EM 

... 

— 

26Hu3247 

lithic  scatter/field  camp 

mm 

... 

— 

26Hu3248 

lithic  scatter 

NEL 

.„ 

... 

26Hu3249 

lithic  scatter/field  camp 

E(D) 

... 

— 

26Hu3250 

lithic  scatter 

NEL 

— 

... 

26Hu3251 

lithic  scatter 

NEL 

... 

... 

26Hu3252 

lithic  scatter 

NEL 

— 

— 

26Hu3253 

lithic  scatter 

NEL 

— 

— 

26Hu3254 

lithic  scatter 

NEL 

... 

... 

26Hu3255 

lithic  scatter 

NEL 

— 

— 

26Hu3256 

lithic  scatter/field  camp 

BB) 

... 

... 

26Hu3257 

residential  base  camp 

HD} 

... 

... 

26Hu3258 

residential  base  camp 

mm 

... 

... 

26Hu3259 

residential  base  camp 

EM 

... 

... 

26Hu3260 

lithic  scatter 

NEL 

... 

... 

26Hu3261 

lithic  scatter/trash  scatter 

Pre-E(D), 
HisL-NEL 

... 

... 

26Hu3262 

lithic  scatter 

NEL 

— 

— 

26Hu3263 

lithic  scatter 

NEL 

... 

... 

26Hu3264 

lithic  scatter 

mm 

... 

... 

26Hu3265 

historic  irrigation  system 

UN 

... 

... 

26Hu3266 

ranch  complex 

EiODJ 

... 

... 

Report  No.  CR2-0015(P) 

CrNV-21-0103 

lithic  scatter 

NEL 

— 

... 

CrNV-21-0104 

lithic  scatter 

NEL 

... 

... 

CrNV-21-0105 

lithic  scatter 

NEL 

... 

... 

Report  No.  CR2-0028(P) 

CrNV-02-0093 

lithic  scatter 

UN 

... 

— 

CrNV-02-0094 

lithic  scatter 

UN 

... 

... 

CrNV-02-0095 

lithic  scatter 

UN 

... 

— 

CrNV-02-0096 

rock  shelter/cave 

UN 

... 

... 

CrNV-02-0097 

lithic  scatter 

UN 

... 

... 

CrNV-02-0098 

lithic  scatter/tool 
concentration 

UN 

... 

... 

CrNV-02-0099 

lithic  scatter 

UN 

— 

... 

CrNV-02-0102 

lithic  scatter 

UN 

... 

... 

Report  No.  CR2-0045(P) 

CrNV-02-0100 

rock  shelter/petroglyph 

UN 

... 

... 
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TABLE  E-1 
National  Register  of  Historic  Places  Status  of  Cultural  Resources  Within  the  Project  Area 


Agency  Site  No. 

or 
Smithsonian  No. 

Brief  Site  Description 

Project 
Association 

National 

Register  of 

Historic 

Places 

Potential 

Project 
Disturbance 

Mitigation 

Report  No.  CR2-0070(P) 

CrNV-02-0761 

lithic  scatter 

NEL 

— 

... 

CrNV-02-0763 

lithic  scatter 

NEL 

— 

... 

CrNV-02-0820 

lithic  scatter 

NEL 

— 

— 

CrNV-21-0752 

lithic  scatter/historic  bldg 

MEL 

— 

— 

CrNV-21-0753 

lithic  scatter/ranch 
complex 

NEL 

... 

... 

CrNV-21-0754 

lithic  scatter 

NEL 

— 

— 

CrNV-21-0755 

lithic  scatter 

NEL 

— 

— 

CrNV-21-0756 

lithic  scatter 

NEL 

— 

— 

CrNV-21-0757 

lithic  scatter 

NEL 

— 

— 

CrNV-21  -0759 

lithic  scatter 

NEL 

— 

— 

CrNV-21  -0760 

lithic  scatter 

NEL 

— 

— 

CrNV-21 -0762 

lithic  scatter/base  camp 

E(D) 

— 

— 

CrNV-21 -0764 

rock  shelter 

NEL 

— 

... 

CrNV-21 -0765 

lithic  scatter/camp  site 

NEL 

— 

— 

CrNV-21 -0767 

lithic  scatter 

NEL 

— 

— 

CrNV-21 -0771 

lithic  scatter 

NEL 

... 

— 

Report  No.  CR2-0183(P) 

CrNV-02-0958 

lithic  scatter 

NEL 

... 

— 

Report  No.  CR2-0192(P) 

CrNV-02-1011 

lithic  scatter 

NEL 

... 

— 

CrNV-02-1012 

lithic  scatter/camp  site 

NEL 

— 

... 

CrNV-02-1013 

lithic  scatter 

NEL 

... 

... 

Report  No.  CR2-0194(P) 

26Hu0855 

lithic  scatter 

NEL 

— 

— 

CrNV-02-1037 

lithic  scatter/camp  site 

NEL 

— 

... 

Report  No.  CR2-0196(P) 

CrNV-02-1125 

lithic  scatter 

NEL 

... 

— 

Report  No.  CR2-0210(P) 

CrNV-21 -3761 

lithic  scatter 

NEL 

... 

— 

Report  No.  CR2-0544(P) 

CrNV-02-2649 

lithic  scatter 

NEL 

... 

— 

Report  No.  CR2-0587(P) 

CrNV-02-2726 

lithic  scatter/camp  site 

NEL 

... 

... 

Report  No.  CR2-0745(P) 

CrNV-02-2860 

residential  base  camp 

Pre-EfDl. 
HisfcNEL 

... 

... 

CrNV-02-2863 

lithic  scatter 

NEL 

... 

... 

CrNV-02-2864 

lithic  scatter 

UN 

... 

... 

CrNV-21 -2861 

lithic  scatter 

NEL 

... 

... 

Report  No.  CR2-0760(P) 

CrNV-21 -2898 

lithic  scatter 

NEL 

... 

... 
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TABLE  E-1 
National  Register  of  Historic  Places  Status  of  Cultural  Resources  Within  the  Project  Area 


Agency  Site  No. 

or 
Smithsonian  No. 

Brief  Site  Description 

Project 
Association 

National 

Register  of 

Historic 

Places 

Potential 

Project 
Disturbance 

Mitigation 

Report  No.  CR2-1 031  (P) 

CrNV-21-3339 

rock  wall 

NEL 

... 

... 

Report  No.  CR2-1063(P) 

CrNV-21-3386 

lithic  scatter/camp  site 

Alternative 

NEL 

Yes 

None 

Report  No.  CR2-2004(P) 

CrNV-21-3544 

lithic  scatter 

NEL 

... 

... 

Report  No.  CR2-2025 

26Hu2581 

lithic  scatter 

NEL 

— 

... 

Report  No.  CR2-2039(P) 

CrNV-21-3622 

lithic  scatter 

NEL 

... 

... 

Report  No.  CR2-2092(P) 

CrNV-21-3684 

lithic  scatter  and  tool 
concentration/camp  site 

NEL 

— 

— 

Report  No.  CR2-2093(P) 

CrNV-21-3725 

lithic  scatter 

NEL 

... 

... 

CrNV-21-3689 

lithic  scatter 

No  Action 
Alternative 

NEL 

Yes 

None 

CrNV-21-3708 

lithic  scatter 

NEL 

... 

... 

CrNV-21-3685 

lithic  scatter 

NEL 

... 

— 

CrNV-21-3695 

lithic  scatter 

No  Action 
Alternative 

NEL 

Yes 

None 

CrNV-21-3696 

lithic  scatter 

No  Action 

NEL 

Yes 

None 

CrNV-21-3697 

lithic  scatter 

No  Action 
Alternative 

NEL 

Yes 

None 

CrNV-21-3698 

lithic  scatter 

No  Action 
Alternative 

NEL 

Yes 

None 

CrNV-21-3699 

trash  scatter 

No  Action 
Alternative 

NEL 

Yes 

None 

CrNV-21-3700 

lithic  scatter 

No  Action 
Alternative 

NEL 

Yes 

None 

CrNV-21-3703 

lithic  scatter 

No  Action 
Alternative 

NEL 

Yes 

None 

CrNV-21-3715 

prospect 

NEL 

... 

... 

CrNV-21-3717 

lithic  scatter/camp  site 

NEL 

... 

... 

CrNV-21-3722 

prospect  pit 

NEL 

... 

... 

CrNV-21-3733 

lithic  scatter 

NEL 

... 

... 

Report  No.  CR2-2108(P) 

CrNV-21-3761 

lithic  scatter 

Overburden 
Storage 

NEL 

Yes 

None 

Report  No.  CR2-21 11  (P) 

CrNV-21-3767 

lithic  scatter 

NEL 

... 

... 

CrNV-21-3768 

lithic  scatter 

NEL 

... 

... 
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TABLE  E-1 
National  Register  of  Historic  Places  Status  of  Cultural  Resources  Within  the  Project  Area 


Agency  Site  No. 

or 
Smithsonian  No. 

Brief  Site  Description 

Project 
Association 

National 

Register  of 

Historic 

Places 

Potential 

Project 
Disturbance 

Mitigation 

CrNV-21-3769 

lithic  and  ceramic  scatter 

NEL 

— 

— 

CrNV-21-3770 

two  (2)  lithic  isolates 

NEL 

— 

— 

CrNV-21-3771 

two  (2)  lithic  isolates 

NEL 

— 

— 

CrNV-21-3772 

lithic  scatter 

NEL 

— 

— 

CrNV-21-3773 

lithic  scatter 

NEL 

— 

— 

Report  No.  CR2-2176(P) 

CrNV-21-4007 

lithic  scatter 

NEL 

— 

— 

CrNV-21-4009 

lithic  scatter 

NEL 

— 

— 

CrNV-21-4010 

lithic  scatter 

NEL 

— 

— 

Report  No.  CR2-2204(P) 

CrNV-21-4120 

lithic  scatter 

NEL 

— 

... 

CrNV-21-4121 

lithic  scatter 

NEL 

... 

... 

CrNV-21-4122 

lithic  scatter/camp  site 

NEV 

... 

— 

CrNV-21-4123 

lithic  scatter 

NEL 

— 

— 

CrNV-21-4124 

ranch  and  industrial 
vestige 

NEL 

— 

... 

CrNV-21-4125 

lithic  scatter 

NEL 

— 

— 

Report  No.  CR2-2246(P) 

CrNV-21-4452 

lithic  scatter 

Overburden 
Storage 

NEL 

Yes 

None 

CrNV-21-4453 

lithic  scatter 

Overburden 
Storage 

NEL 

Yes 

None 

CrNV-2 1-4459 

lithic  scatter 

NEL 

— 

— 

CrNV-21-4460 

lithic  scatter 

NEL 

... 

... 

CrNV-21-4461 

lithic  scatter 

NEL 

... 

— 

Report  No.  CR2-2271(P) 

CrNV-21-4578 

lithic  scatter 

NEL 

... 

... 

Report  No.  CR2-2351(P) 

CrNV-21-4998 

lithic  scatter 

NEL 

... 

... 

CrNV-21-4999 

lithic  scatter 

NEL 

— 

... 

CrNV-21-5000 

lithic  scatter/camp  site 

E 

... 

— 

Report  No.  CR2-2476(P) 

CrNV-21-5541 

lithic  scatter 

NEL 

... 

... 

Report  No.  CR2-2567(P) 

CrNV-02-0768 

residential  base 
camp/historic  dam 

Pre-EO. 
HistrUN 

— 

— 

CrNV-21-2651 

lithic  scatter 

Etm 

... 

— 

CrNV-02-2862 

lithic  scatter 

E(D} 

... 

— 

CrNV-21-5733 

lithic  scatter/trash  scatter 

Pre-EtD). 
Hist-NEL 

— 

— 

CrNV-21-5734 

lithic  scatter 

E(D) 

... 

... 

CrNV-21-5735 

lithic  scatter 

EiD) 

... 

... 

CrNV-21-5736 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5758 

lithic  scatter 

NEL 

— 

... 
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TABLE  E-1 
National  Register  of  Historic  Places  Status  of  Cultural  Resources  Within  the  Project  Area 


Agency  Site  No. 

or 
Smithsonian  No. 

Brief  Site  Description 

Project 
Association 

National 

Register  of 

Historic 

Places 

Potential 

Project 
Disturbance 

Mitigation 

CrNV-21-5759 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5760 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5761 

lithic  scatter 

mm 

— 

.„ 

CrNV-21-5762 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5763 

lithic  scatter 

NEL 

— 

... 

CrNV-21-5764 

lithic  scatter 

E4D} 

— 

... 

CrNV-21-5765 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5766 

lithic  scatter 

NEL 

___ 

„. 

CrNV-21-5767 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5768 

lithic  prospect/scatter 

HP) 

... 

... 

CrNV-21-5769 

lithic  scatter 

EM 

— 

... 

CrNV-21-5770 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5771 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5772 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5773 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5774 

lithic  scatter/field  camp 

Effi) 

— 

... 

CrNV-21-5775 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5776 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5777 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5778 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5779 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5780 

lithic  scatter 

EiD) 

... 

... 

CrNV-21-5781 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5782 

lithic  prospect/quarry 

NEL 

... 

... 

CrNV-21-5783 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5784 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5785 

lithic  scatter 

NEL 

— 

... 

CrNV-21-5786 

lithic  scatter 

EXD) 

... 

... 

CrNV-21-5787 

lithic  prospect/scatter 

NEL 

... 

... 

CrNV-21-5788 

lithic  scatter 

NEL 

— 

... 

CrNV-21-5789 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5790 

lithic  scatter/field  camp 

EXD) 

... 

... 

CrNV-21-5791 

lithic  prospect/scatter 

NEL 

... 

... 

CrNV-21-5792 

lithic  prospect/scatter 

NEL 

... 

... 

CrNV-21-5793 

lithic  prospect/scatter 

NEL 

... 

... 

CrNV-21-5794 

lithic  scatter 

EiDJ 

— 

... 

CrNV-21-5795 

lithic  scatter 

NEL 

— 

... 

CrNV-2 1-5796 

lithic  prospect/scatter 

NEL 

... 

— 

CrNV-21-5797 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5798 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5799 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5800 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5801 

lithic  scatter 

NEL 

... 

... 
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TABLE  E-1 
National  Register  of  Historic  Places  Status  of  Cultural  Resources  Within  the  Project  Area 


Agency  Site  No. 

or 
Smithsonian  No. 

Brief  Site  Description 

Project 
Association 

National 

Register  of 

Historic 

Places 

Potential 

Project 
Disturbance 

Mitigation 

CrNV-21-5802 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5803 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5804 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5805 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5806 

lithic  scatter 

NEL 

... 

... 

CrNV-2 1-5807 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5808 

lithic  prospect/scatter 

NEL 

— 

— 

CrNV-21-5809 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5810 

hunting  blind 

NEL 

— 

— 

CrNV-21-5811 

lithic  prospect/scatter 

NEL 

— 

— 

CrNV-21-5812 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5813 

lithic  scatter/trash  scatter 

Pre-EO. 
Hist-NEL 

— 

... 

CrNV-21-5814 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5815 

lithic  scatter 

NEL 

— 

— 

Report  No.  CR2-2568(P) 

CrNV-21-5859 

lithic  scatter 

Tailings 
Impoundment 

NEL 

Yes 

None 

CrNV-21-5860 

lithic  scatter 

Tailings 
Impoundment 

NEL 

Yes 

None 

CrNV-21-5861 

lithic  scatter/historic 
isolate 

Pre-E(D). 

— 

... 

Hist-NEL 

CrNV-21-5862 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5863 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5864 

field  camp/historic  isolate 

Pre-Efm. 
HisfcNEL 

— 

— 

CrNV-21-5865 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5866 

lithic  scatter/field  camp 

EXD1 

— 

— 

CrNV-21-5867 

lithic  scatter/field  camp 

EM 

... 

— 

CrNV-21  -5868 

lithic  scatter/field  camp 

E£D} 

— 

— 

CrNV-21  -5869 

lithic  scatter 

NEL 

... 

... 

CrNV-21 -5870 

lithic  scatter 

NEL 

... 

... 

CrNV-21 -5871 

lithic  scatter 

NEL 

— 

— 

CrNV-21 -5872 

lithic  scatter 

NEL 

— 

— 

CrNV-21 -5873 

lithic  scatter 

NEL 

— 

... 

CrNV-21 -5874 

lithic  scatter 

NEL 

— 

... 

CrNV-21 -5875 

lithic  scatter 

NEL 

... 

— 

CrNV-21 -5876 

lithic  scatter 

NEL 

— 

... 

CrNV-21 -5877 

lithic  scatter/trash  scatter 

NEL 

... 

... 

CrNV-21  -5878 

lithic  scatter 

NEL 

... 

... 

CrNV-21 -5879 

lithic  scatter/field  camp 

EXD} 

... 

— 

CrNV-21 -5880 

lithic  scatter 

NEL 

... 

CrNV-21 -5881 

lithic  scatter 

NEL 

... 

... 
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TABLE  E-1 
National  Register  of  Historic  Places  Status  of  Cultural  Resources  Within  the  Project  Area 


Agency  Site  No. 

or 
Smithsonian  No. 

Brief  Site  Description 

Project 
Association 

National 

Register  of 

Historic 

Places 

Potential 

Project 
Disturbance 

Mitigation 

CrNV-21-5882 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5883 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5884 

historic  artifact  scatter 

NEL 

— 

... 

CrNV-21-5885 

lithic  scatter 

Eim 

— 

... 

CrNV-21-5886 

lithic  scatter 

NEL 

— 

... 

CrNV-21-5887 
CrNV-21-5888 

lithic  scatter 
lithic  scatter 

NEL 
NEL 

— 

... 

CrNV-21-5889 

lithic  scatter 

NEL 

— 

... 

CrNV-21-5890 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5891 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5892 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5893 

lithic  scatter 

E(Q) 

... 

... 

CrNV-21-5894 

lithic  scatter/field  camp 

an) 

— 

... 

CrNV-21-5895 

lithic  prospect/scatter 

NEL 

— 

— 

CrNV-21-5896 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5897 

lithic  scatter 

NEL 

— 

— 

CrNV-21-5898 

field  camp/trash  scatter 

Pre-EfDV 
Hist-NEL 

... 

— 

CrNV-21-5899 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5900 

lithic  scatter 

NEL 

— 

... 

CrNV-21-5901 

field  camp/location 

EXD) 

... 

... 

CrNV-21-5902 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5903 

lithic  scatter 

NEL 

— 

... 

CrNV-21-5904 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5905 

lithic  scatter 

EID) 

... 

... 

CrNV-21-5906 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5907 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5908 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5909 

residential  base  camp 

en) 

... 

... 

CrNV-21-5910 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5911 

lithic  scatter 

NEL 

— 

... 

CrNV-21-5912 

lithic  scatter 

Eim 

... 

— 

CrNV-21-5913 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5914 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5915 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5916 

lithic  prospect/scatter 

NEL 

... 

... 

CrNV-21-5917 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5918 

lithic  scatter 

NEL 

... 

— 

CrNV-21-5919 

residential  base 
camp/historic  isolate 

Eia-EiPl 
Hist-NEL 

... 

... 

CrNV-21-5920 

lithic  scatter/field  camp 

Eim 

... 

... 

CrNV-21-5921 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5922 

hunting  blind 

NEL 

... 

... 

CrNV-21-5923 

lithic  scatter 

NEL 

... 

... 

CrNV-21-5924 

lithic  scatter/field  camp 

E(D) 

... 

... 
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TABLE  E-1 
National  Register  of  Historic  Places  Status  of  Cultural  Resources  Within  the  Project  Area 


Agency  Site  No. 

or 
Smithsonian  No. 

Brief  Site  Description 

Project 
Association 

National 

Register  of 

Historic 

Places 

Potential 

Project 
Disturbance 

Mitigation 

CrNV-21-5925 

lithic  scatter 

NEL 

... 

..- 

FORM  ONLY 

Ao-0122 

lithic  scatter 

UN 

— 

— 

CrNV-02-1124 

quarry/lithic  scatter 

NEL 

... 

— 

CrNV-21-0422 

Getchel  Mine  Complex 

UN 

— 

... 

CrNV-21-5543 

Shoshone  Mike 
Massacre  Site 

No  Action 

Alternative 

(Overburden 

Storage} 

Proposed 

Action 

(Far  West 

Diversion) 

E(A.B.D) 

Yes 

Yes 

E  =  Eligible  (State  Historic  Preservation  Office  concurrence) 

NEV  =  Eligible  pending  further  evaluation  (State  Historic  Preservation  Office  concurrence) 

NEL  =  Not  eligible  (State  Historic  Preservation  Office  concurrence) 

UN  =  Unevaluated 
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APPENDIX  F 


DRAFT  EIS  PUBLIC  COMMENTS 


Letter  Number  Respondent 

1  U.S.  Environmental  Protection  Agency 

2  U.S.  Fish  and  Wildlife  Service 

3  Nevada  Department  of  Administration 

4  Nevada  State  Clearinghouse 

5  Nevada  Department  of  Business  and  Industry,  Division  of  Minerals 

6  Nevada  Natural  Heritage  Program 

7  Nevada  Department  of  Transportation,  Carson  City 

8  Nevada  Department  of  Transportation,  Winnemucca 
8a  Nevada  Department  of  Transportation,  Carson  City 

9  Nevada  Department  of  Conservation  and  Natural  Resources,  Division  of 
Water  Resources 

10  Nevada  Department  of  Conservation  and  Natural  Resources,  Division  of 
Wildlife 

11  Sierra  Club 

12  Great  Basin  Mine  Watch 

13  Laser,  Inc. 

1 4  Shoshone  Bannock  Tribe 

15  Western  Shoshone  Defense  Project 

16  Getchell  Gold  Corporation 

17  Corbin  Harney,  Harvey  and  Charlotte  Healey,  and  Jim  Gelford 

18  Sharon  Sweeney 

Public  Meeting  Comments 
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Public  Meeting  Comments 
August  15, 1996 


Comment 


Response 


Florine  Maine-  Western  Shoshone  Elder 


Overburden  and  interburden  storage  area  F 
should  be  pulled  farther  back  from  the 
massacre  site  marker  and  more  up  on  the 
ridge  line;  requested  approximately  250  yards 
from  the  marker;  concerned  about  potential 
stormwater  runoff  and  drainage  effects  on  the 
site. 


Please  see  the  response  to  comment  14-1 . 


Tom  Myers  -  Great  Basin  Mine  Watch 

Read  letter  at  the  public  meeting  -  see  Letter 
#12. 


Please  see  the  responses  to  comments  12-1 
through  12-8. 


Christopher  Sewall-  Western  Shoshone  Defense  Project 


Concerned  with  streams  and  springs  drying 
up. 


Please  see  the  responses  to  comments  1-37 
and  1-38. 


Ground  water  should  be  protected  to  drinking 
water  standards;  questioned  why  these 
standards  do  not  apply  to  the  pit  lake  water 
quality. 

Cumulative  water  quality  and  dewatering 
impacts  should  be  addressed  with  a  basin- 
wide  analysis. 


Please  see  the  response  to  comment  15-13. 


Please  see  the  response  to  comment  1 1-32. 


Need   long-term    monitoring;    State    law   only 
requires  30  years-  what  happens  after  that? 


Please  see  the  responses  to  comments  2-8 
and  2-14. 


F-127 


Comment 

Carrie  Dann-  Western  Shoshone  Defense  Project 

Water,  earth,  air,  sun  --  all  are  sacred  and 
represent  life.  Taking  one  away  takes  life 
away.  Dewatering  is  desecration  of 
generations  to  come.  Dewatering  destroys  our 
Indian  religion  and  Indian  ways,  because  water 
is  sacred. 


BLM   and   mines   need   to   work   together  to 
preserve  this  site. 

Read  a  letter  at  the  public  meeting-see  Letter 
#17. 


Response 


The  Nevada  State  engineer,  rather  than  the 
BLM,  has  authority  over  dewatering.  The  BLM 
acknowledges  that  dewatering  may  violate 
Western  Shoshone  religious  values,  and  such 
violation  cannot  be  mitigated.  The  BLM  is 
requiring  mitigation  of  dewatering  effects  in 
specific  locations.  Please  refer  to  mitigation 
measure  TW-3  in  Section  3.5.4.1  of  the  Final 
EIS  for  a  discussion  of  mitigation  for  potential 
habitat  impacts  associated  with  seeps,  springs, 
and  perennial  drainages. 

Please  see  the  response  to  comment  14-1. 


Please  see  the  response  to  comment  14-1, 
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APPENDIX  F  ATTACHMENT 

Water  Quality:  Advective  and  Diffusive  Bedrock 
Oxidation  Due  to  Ground  Water  Drawdown 


APPENDIX  F  ATTACHMENT  F1 


Appendix  F  Attachment  -  F1 
Water  Quality:  Advective 
and  Diffusive  Bedrock 
Oxidation  Due  to  Ground 
Water  Drawdown 

As  the  regional  water  tahle  is  drawn  down  during 
mining  operations,  air  (and  associated  oxygen) 
would  be  advectively  transported  into  the 
regional  bedrock,  resulting  in  the  oxidation 
of  sulfide  minerals  In  addition,  during  the 
period  over  which  the  water  table  is  below 
the  sulfide  bedrock  surface,  diffusion  of 
atmospheric  oxygen  would  result  in  additional 
oxidation  of  the  exposed  minerals.  Oxidation 
products  (i.e..  acid  and  sulfate)  would 
subsequently  be  flushed  into  ground  water  as  the 
water  table  rebounds  and  the  oxidized  bedrock  is 
rewetted  (Figures  1  and  2).  In  addition,  the  portion 
of  sulfide  bedrock  that  would  undergo  dewatering 
but  not  rewetting  would  potentially  be  an  additional 
source  of  oxidation  products  to  the  regional  ground 
water  as  it  is  flushed  by  infiltrating  rain  water  and 
snow  melt- 


Simple  calculations  were  made  to  estimate  the 
potential  effect  of  sulfide  bedrock  oxidation  on  the 
pit  lake  water  quality  due  to  advective  and  diffusive 
oxygen  loading.  The  results  of  these  calculations 
demonstrated  that: 

•  The  rock  contains  enough  buffering  capacity 
to  neutralize  all  acidity  that  could  be  produced 
by  the  advective  and  diffusive  loading 
mechanisms,  and  consequently,  metals 
associated  with  this  acid  release  would 
mostly  be  attenuated  (as  demonstrated  by  the 
humidity  cell  test  results). 

•  The  total  amount  of  sulfate  produced  by 
regional  oxidation  could  potentially  increase 
the  total  sulfate  that  could  reach  the  lake  by 
12  percent  over  the  amount  calculated  in  the 
pit  lake  model. 


ADVECTIVE  TRANSPORT  OF  OXYGEN 


The  mass  of  oxygen  introduced  to  the  sulfide 
bedrock  by  advection  would  be  proportional  to 
the  volume  of  water  displaced  by  air  due 
to  dewatering  of  the  regional  bedrock.  The 
total     volume     of     dewatered     sulfide     bedrock 


was  estimated  to  be  1.8x10^  cubic  meters. 
corresponding  to  1.34x10-  milligrams  of  oxygen. 
Of  the  dewatered  bedrock.  7.11x1Q§  cubic  meters 
(or  40  percent)  would  be  rewetted.  corresponding 
to  5.3x10-  milligrams  of  oxygen.  These  volumes 
were  estimated  based  on  the  predicted  drawdown 
cone  at  the  end  of  mining  and  after  230  years  of 
aquifer  rebound,  and  on  the  elevation  of  the 
regional  sulfide  bedrock  surface,  assuming  that  the 
upper  150  feet  of  the  bedrock  are  weathered 
(based  on  the  average  depth  of  oxide  bedrock  in 
the  vicinity  of  the  pit  [Figure  3]).  The  calculation  of 
the  total  volume  of  dewatered  bedrock  was  verified 
independently  by  HCI.  whose  estimate  was 
within  1  percent  of  the  value  presented  above. 

DIFFUSIVE  TRANSPORT  OF  OXYGEN 

The  mass  of  oxygen  introduced  into  the  sulfide 
bedrock  by  diffusion  is  a  function  of  the  oxygen 
gradient,  the  diffusivity  of  the  geologic  units. 
the  surface  area  of  exposed  sulfide  bedrock. 
and  the  length  of  exposure.  Diffusion  of  oxygen 
to  the  sulfide  bedrock  would  be  controlled  by 
the  diffusivity  of  the  oxide  bedrock  which  is 
estimated  to  have  a  specific  yield  of  0.0025.  Using 
this  value,  the  diffusion  coefficient  of  oxygen  into 
the  pore  space  of  the  bedrock  was  calculated  from 
the  equation  developed  by  Millington  and  Quirk 


D  =  D'-l^J)3 


where.: 


D3S  =  the  diffusion  coefficient  of  oxygen  in  air  (square 
meters  per  second) 

d)  =  the  porosity  of  the  bedrock  (unitless) 

8  =  the  moisture  content  of  the  bedrock  (unitless) 

At  259C  and  1  atmosphere.  D^  =  2.25x1 0J  square 
meters  per  second  (Fuller  et  al.  1966).  To  be 
conservative,  the  specific  yield  and  the  porosity 
were  assumed  to  be  the  same  and  the  moisture 
content  of  the  bedrock  was  assumed  to  be  zero. 
The  resulting  oxygen  diffusivity  was  calculated  to 
be  9.3x10-  square  meters  per  second.  The 
corresponding  diffusive  flux  of  oxygen  across  the 
oxidized  bedrock  was  then  calculated  by  Ficks  law 
(Freeze  and  Cherry  1979): 


J_=D_ 


AC 
AX 
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where: 

J  =  diffusive  flux  of  oxygen  (grams  per  square 
meter  per  second) 

AC  =  change  in  oxygen  concentration  across  the 
oxide  bedrock  (grams  per  cubic  meter)  (assume 
(265-0)  grams  per  cubic  meter) 

AX  =  theJhickness  of. the  oxide  bedrock,  (meters) 
(assume  150  feet  (45  meters):  aver.age__de.plh  of 
oxide  bedrock  in  the  vicinity  of  the  pit). 

The  resulting  diffusive  flux  of  oxygen  was 
calculated  to  be  5.4  x10-  grams  per  square  meter 
per  second. 

The  surface  area  of  sulfide  bedrock  exposed 
would  be  a  function  of  the  changing  water  table 
elevations  during  mining  and  following  rebound,  as 
would  be  the  duration  of  exposure  to  atmospheric 
oxygen  before  the  sulfide  rock  is  rewetted.  To 
estimate  the  mass  of  oxygen  loaded  to  sulfide 
bedrock  via  diffusion,  the  surface  areas  and 
exposure  times  of  dewatered  and  subsequently 
rewetted  sulfide  bedrock  were  estimated  based  on 
the  water  table  elevations  before  mining,  at  the 
end  of  mining,  and  after  10.  20.  30.  50.  80.  100. 
and  230  years  of  recovery  (Table  F1-1).  These 
values  were  used  to  calculate  a  total  of  7.43x1 0^ 

bedrock  via  diffusion  from  the  start  of  mining  until 
hydraulic  steady  state  at  230  years  after  the  end  of 
mining. 

In  addition.  7.25x1 0g_square  meters  of  sulfide 
bedrock  is  estimated  to  remain  above  the  water 
table  after  the  aquifer  has  reached  hydraulic 
steady  state,  which  could  result  in  an  additional 
2.84x10^  milligrams  of  oxygen  loading  to  the 
sulfide  bedrock  (Table  F1-1).  The  oxidation 
products  could  be  transported  to  ground  water  via 
infiltration  of  meteoric  water.  Although  diffusive 
oxidation 

over  this  area  is  included  in  the  following 
calculations,  the  area  represents  only  a  1.3 
percent  increase  in  the  estimated  surface  area  of 
sulfide  bedrock  above  the  water  table  before 
mining  begins  (5.67x1 0g  square  meters),  and 
contributions  from  this  area  are  not  expected  to 
significantly  affect  the  loading  of  oxidation  products 
to  ground  water  that  is  already  taking  place  due  to 
natural  processes. 


ACIDITY  PRODUCED  BY  INTRODUCTION  OF 
OXYGEN 

The  overall  oxidation  of  pyrite  and  production  of 
acidity  is  typically  described  by  the  following 
reaction  (Stumm  and  Morgan  1981): 


2FeS. 


O^LHn^ 


Pyrite  oxidation  stoichiometry  indicates  that  every 
gram  of  oxygen  produces  1.667  grams  of  CaCCy 
acidity.  The  total  mass  of  oxygen  introduced  to  the 
sulfide  bedrock  by  advective  and  diffusive 
transport  was  calculated  to  be  4.92x10-  grams. 


Therefore,  the  total  acidity  produced  by  oxygen 
introduced  to  bedrock  by  advective  and  diffusive 
transport  was  calculated  to  be  2.12x10— milligrams 
as  CaCQ.. 


The  ability  of  the  pore  water  to  remain  acidic  would 
depend  on  the  balance  between  acid  produced 
and  the  neutralizing  potential  of  the  aquifer  matrix. 
The  neutralization  potential  of  the  bulk  aquifer  is: 


#p(i-e)p 


where  NP  is  the  neutralizing  potential  of  the 
matrix  (milligrams  of  CaCQ3/per  gram),  and  p  is  the 
bulk  density  of  the  matrix  (kilograms  per  cubic 
meter). 

The  neutralizing  potential  of  the  rocks  chosen  for 
the  Twin  Creeks  humidity  cells  ranged  from  0.08  to 
582  milligrams  of  CaCQ3  per  gram.  The  regional 
aquifer  in  the  vicinity  of  the  Twin  Creeks  Mine  has 
a  specific  yield  (i.e..  drainable  porosity  available  for 
air  entry)  of  0.0025  (HCI  1995)  and  a  hulk  density 
of  approximately  2.650  kilograms  per  cubic  meter. 
As  a  result,  the  net  neutralizing  potential  of  the 
dewatered  sulfide  bedrock  was  estimated  to  range 
from  3.8x1 0M  to  2.8x1  O^milliqrams  of  CaCOg 
assuming  all  of  the  neutralizing  potential  were 
available.  However,  the  regional  aquifer  consists  of 
fractured  bedrock,  and  only  a  portion  of  the 
neutralizing  potential  would  be  available  to 
neutralize  acid  produced.  Even  if  the  entire 
Jrock  system  is  characterized  by  the 
measured      net      neutralizing      potential 


|.Qwe_st_ 


(resulting  in  a  total  of  3.8x10— milligrams  CaCQ^). 
only  2.2  percent  of  this  neutralizing  potential  would 
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APPENDIX  F  ATTACHMENT  F1 


TABLE  F1-1 
Oxygen  Loading  to  Dewatered  and  Rewetted  Sulfide  Bedrock  Due  to  Diffusive  Transport 


Exposed  Area  of 
Sulfide  Bedrock  (m2) 

Oxygen  Loading  Rate 
(g/sec) 

Period  of  Exposure 
(years} 

Mass  of  Oxygen 
Loaded  (mg) 

2.97E+06 

0.160 

14 

7.09x1 010 

1.39E+06 

0.075 

24 

5.69x1 010 

7.43E+05 

0.040 

34 

4.31x1010 

9.29E+04 

0.005 

35 

5.54x1 09 

1.86E+06 

0.100 

49 

1.55x10" 

1.39E+06 

0.075 

74 

1.75x10" 

7.43E+05 

0.040 

99 

1.25x1011 

3.72E+05 

0.020 

174 

1.10X1011 

TOTAL3 

7.43  x1011 

aTotal  oxygen  loaded  (mg)  after  230  years  of  aquifer  rebound. 

be  necessary  to  neutralize  the  acids  produced  by 
regional  oxidation. 

SULFATE  PRODUCED  BY  INTRODUCTION  OF 
OXYGEN 

Pyrite  oxidation  stoichiometry  indicates  that  sulfate 
is  produced  by  oxygen  at  a  mass  ratio  of  1  giam 
oxygen:  1.6  grams  sulfate  (see  equation  on  p.  F1- 
1V.  Therefore.  7.88x10-  milligrams  of  sulfate  were 
estimated  to  be  produced  and  loaded  to  ground 
water  due  to  advective  and  diffusive  transport  of 
oxygen  to  sulfide  bedrock  following  drawdown.  For 
comparison,  the  pit  lake  model  indicates  that  the 
Twin  Creeks  Mine  Proposed  Action  pit  would 
contain  6.8x10-  milligrams  of  sulfate  at  230  years 
after  the  end  of  mining.  Consequently,  the 
additional  oxidation  resulting  from  regional  water 
table  drawdown  could  potentially  increase  the 
sulfate  concentration  in  the  pit  lake  by  as  much  as 
12  percent,  which  is  within  the  range  of  error  for 
sulfate  concentration  estimated  by  the  pit  lake 
model- 
In  addition,  oxidation  within  the  portion  of  the 
sulfide  rock  that  would  undergo  dewatering  but  not 
rewetting  is  potentially  an  additional  source  of 
sulfate  to  the  pit  lake  by  means  of  infiltrating 
rainfall  and  snowmelt.  Over  long  time  periods. 
infiltration  through  the  unsaturated  zone  has  the 
potential  to  flush  oxidation  products  from  this 
permanently    dewatered    zone.    Considering    the 


relative  volumes  of  rewetted  and  permanently 
dewatered  sulfide  (for  the  advection  analysis)  and 
the  surface  area  of  the  permanently  dewatered 
zone,  the  flushing  of  oxidation  products  from  the 
permanently  dewatered  zone  has  the  potential  to 
increase  the  concentration  of  sulfate  in  the  pit  lake 
by  an  as  much  as  12  percent. 
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